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(57) [Abstract] 

The objective of the present invention is to isolate Rf genes, 
particularly, a Rfl gene derived from radish and to identify the structure 
thereof. According to the present invention, the proteins contain 14 or more 
of pentatricopeptide repeat (hereafter, abbreviated as PPR) motifs! the PPR 
motif group is divided into three or more blocks! each block has at least two 
or more PPR motifs, respectively! and the block at a carboxy terminal (O 
terminal) has four PPR motifs 
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Specification 

PROTEINS PARTICIPATING IN RESTORATION FROM CYTOPLASMIC 
MALE STERILITY TO FERTILITY AND GENES CODING THEREFOR 

Technical Field 

The present invention relates to genes participating in restoration of 
cytoplasmic male sterility to fertility. In further detail, the present invention 
relates to genes participating in the restoration of cytoplasmic male sterility 
(hereafter, it may be abbreviated as 'cms') character to be utilized for the 
purpose of Fl hybrid (hereafter, referred to as Fl) breed development; a 
vector containing said genes! and a transformant. 

Background Technology 

In cereal crops, such as grain crops or vegetables, Fl breed 
development has caught on based upon the characteristics including l) 
superior agronomic character due to hybrid vigor, 2) uniformity of harvest, 
and 3) protection of profits by breed cultivators because the genetic character 
is separated in the next generation, and this is practically used in many main 
crops. 

As one of methods for producing Fl variety seeds, a cms/Rf seed 
production system comprising the cytoplasmic male sterility (cms) line and a 
line for restoring the male sterility (hereafter, this may be abbreviated as 'Rf) 
is available, and for example, this system is developed with cereal crops, such 
as rice, sorghum or corn, and oil crops, such as sunflower; however, these are 
all developed using a technique, such as hybridization or cell fusion. 

In the meantime, Fl seed production system using self-incompatibility 
has been widely utilized in cruciferous; however, regarding rapeseed, because 
it has no stable self-incompatibility, another Fl seed production system 
utilizing the cms line and the Rf line is in demand. 
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In the meantime, a study where the cytoplasmic male sterility (kosena- 
cms) derived from kosena radish (Raphanus sativus cv. Kosena) and the 
cytoplasmic male sterility (ogura-cms) derived from ogura radish (Raphanus 
sativus L.) are used in rapeseed has been continued in recent years. Both 
cms genes are coded to the genome of mitochondria, which are cytoplasmic 
organelle, and their base sequences are also known; however, for radish, 
since molecular-biological research is not in progress and markers that are 
required for gene isolation are hardly known, as well, it is difficult to isolate 
genes from the nuclear, and regarding Rf, it is merely introduced to rapeseed 
using techniques of hybridization or cell fusion from a fertility restoration 
system for radish. In addition, regarding the Rf gene, one or multiple 
restoring genes depending upon each cms system of plants. In the radish, it 
is necessary for the Rfl and Rf2 genes simultaneously exist for the fertility 
restoration, and in addition, it is known that the Rfl gene drastically 
decreases accumulation of ORF125 protein (M. Iwabuchi et al. Plant Mol. 
Biol. 39:183-188, 1999) within the mitochondria known as a cms causal 
protein of radish (Japanese Journal of Breeding 47 (supplementary volume l) 
p. 186, 1997, Japanese Journal of Breeding 48 (supplementary volume l) p. 
197, 1998). 

Further, in the rapeseed, it is known that the Rfl gene of radish 
introduced by hybridization or cell fusion according to a gene analysis test 
decreases the accumulation of ORF125 or ORF138 protein (M. Grelon et al. 
Mol. Gen. Genet. 243:540-547), which is known as a cms causal protein, and 
the decrease in the accumulation and the phenomenon of restoring the 
fertility in this ORF125 or ORF138 protein are completely matched (N. 
Koizuka, et al. Theor Appl Genet, 100:949-955, 2000). In other words, in 
order to restore the fertility with the rapeseed male sterile line, it is essential 
to decrease the accumulation of ORF125 or ORF138 protein, and the Rfl 
gene is the important gene for this purpose. 
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However, for base sequence of the Rf gene, although only the Rf2 gene, 
which is one of restoring genes for T-cytoplasm that is one of corn cms, is 
identified and isolated; however, any base sequence of Rf genes in other 
plants is not known at all. 

In the rapeseed restoring line where Rfl gene derived from the Ogura 
radish (Raphanus sativus L.) has been introduced by hybridization or cell 
fusion and the Fl variety that has been produced by said line as a father, the 
glucosinolate (hereafter, abbreviated as GSL) content becomes higher than a 
regulation value, and this is a practical problem. It appears that because the 
radish- derived gene participating in the GSL biosynthesis exists in the 
vicinity of the Rfl gene and is genetically linked strongly, the GSL content of 
the rapeseed restoring line (Rf line) is increased. GSL is contained in oil 
expression, and since it is known that when GSL is supplied to animals as 
feed, it causes enlarged thyroid gland, the GSL content of rapeseed is 
required to be 18 umole/g in North America and 20 umole/g or less in Europe 
during development of new varieties plants. 

DISCLOSURE OF THE INVENTION 

In a rapeseed restoration line, where a Rfl gene derived from ogura 
radish has been introduced due to hybridization or cell fusion, and Fl variety 
produced using the line as a father; it has been ascertained that a 
glucosinolate content (hereafter, abbreviated as GSL) becomes higher than a 
regulation value, and this is a practical problem. It is believed that this is 
because the radish- derived genes participating in GSL biosynthesis exist in 
the vicinity of Rfl gene and are genetically strongly linked, and the GSL 
content of the rapeseed restoration line (Rf line) is increased. GSL is 
contained in rape cakes, and since it is known that when it is supplied to 
animals as feed, this causes hypertrophied thyroid gland, the GSL content of 
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rapeseed requires being 18 umole/g in North America and 20 umole/g or less 
in Europe during a breeding stage. 

In addition, in recent years, the development of plants where a 
function, such as herbicide resistance, is added due to genetic recombination 
is on the move, and in order to efficiently create these plants, only the 
presence of rapeseed restoration line obtained by hybridization or cell fusion 
is not sufficient, and the isolation of Rf gene, in particular, radish-derived Rfl 
gene has been in demand. 

In other words, isolation of the Rf gene, in particular, the radish- 
derived Rfl gene, and identification of the structure thereof were designated 
as a problem to be solved. In addition, another problem to be solved in the 
present invention is to provide a means for establishing the rapeseed 
restoration line by utilizing the isolated Rf gene. 

As a result of a keen examination for solving the problems, the 
inventors of the present invention have succeeded to clone the Rfl genes from 
radish and rapeseed, and to solve the problems. 

In other words, according to the present invention, proteins 
participating in restoration from cytoplasmic male sterility to fertility, 
wherein the proteins contain 14 or more of pentatricopeptide repeat 
(hereafter, abbreviated as PPR) motifs; the PPR motif group is divided into 
three or more blocks! each block has at least two or more PPR motifs, 
respectively! and the block at a carboxy terminal (Oterminal) has four PPR 
motifs are provided. 

According to preferred embodiments of the proteins, 

proteins whose number of PPR motifs is 14 to 16; 

proteins where the PPR motif group is divided into three blocks, and 
the blocks have five, seven and four PPR motifs in respective order from the 
amino terminal (N-terminal) side, respectively; 
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proteins where the fourth amino acid existing in the second PPR motif 
existing from the amino terminal (N-terminal) side is other than serine, 
threonine and cysteine! 

proteins where the fourth amino acid existing in the second PPR motif 
from the amino terminal (N-terminal) is any of asparagine, glutamine, 
asparagine acid, glutamic acid and histidine; and 

proteins further containing a signal peptide sequence for migrating to 
mitochondria at the amino terminal, or a sequence comprising - 
LysAspGluLeu- at the carboxy terminal; 
are provided. 

According to another aspect of the present invention, proteins 
participating in restoration from cytoplasmic male sterility to fertility 
causing an occurrence of a gel shift to the transcription after making contact 
with a transcription of a cytoplasmic male sterile gene. 

According to further another aspect of the present invention, 

a protein participating in the restoration of cytoplasmic male sterile 
individual having amino acid sequence described in SEQ ID NO 26 from 
sterility to fertility; 

a protein participating in the restoration of cytoplasmic male sterile 
individual having amino acid sequence described in SEQ ID NO 27 from 
sterility to fertility! 

a protein participating in the restoration of cytoplasmic male sterile 
individual having amino acid sequence described in SEQ ID NO 28 from 
sterility to fertility! 

a protein participating in the restoration of cytoplasmic male sterile 
individual having amino acid sequence described in SEQ ID NO 29 from 
sterility to fertility! 
are provided. 

According to another aspect of the present invention, either of the 
following proteins is provided: 
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(1) a protein having the 80th to 687th amino-acid sequences among the 
amino-acid sequences described in SEQ ID NO 3, the 80th to 687th amino- 
acid sequences among the amino-acid sequences described in SEQ ID NO 17, 
and the 82nd to 690th amino-acid sequences among the amino-acid sequences 
described in SEQ ID NO 19; or 

(2) a protein having amino-acid sequences where one to multiple amino acids 
are deleted, added and/or substituted in the 80th to 687th amino-acid 
sequences among the amino-acid sequences described in SEQ ID NO 3, the 
80th to 687th amino-acid sequences among the amino-acid sequences 
described in SEQ ID NO 17 and the 82nd to 690th amino-acid sequences 
among the amino-acid sequences described in SEQ ID NO 19 and 
participating in restoration from cytoplasmic male sterility to fertility. 

According to another aspect of the present invention, either of the 
following proteins is provided: 

(1) a protein having amino-acid sequences described in SEQ ID NO 3, SEQ ID 
NO 17 or SEQ ID NO 19; or 

(2) a protein having an amino-acid sequence where one to multiple amino 
acids are deleted, added and/or substituted described in SEQ ID NO 3, SEQ 
ID NO 17 or SEQ ID NO 19 and participating in restoration from cytoplasmic 
male sterility to fertility. 

In the present invention, preferably, the cytoplasmic male sterile 
individual has a cytoplasmic male sterilie gene of kosena radish (Raphanus 
sativus cv. Kosena) and/or Ogura radish (Raphanus sativus L.) or homologue 
thereof. 

In the present invention, preferably, the cytoplasmic male sterile 
individual has a cytoplasmic male sterile gene(s) of kosena radish (Raphanus 
sativus cv. Kosena) and/or ogura radish (Raphanus sativus L.) or homologue 
thereof. 

According to another aspect of the present invention, DNA coding for 
either of the above-mentioned proteins is provided. 
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According to another aspect of the present invention, 
DNA having base sequences described in SEQ ID NO 22; 
DNA having base sequences described in SEQ ID NO 23! 
DNA having base sequences described in SEQ ID NO 24; and 
DNA having base sequences described in SEQ ID NO 25; 
are provided. 

According to another aspect of the present invention, any of the 
following DNA is provided: 

(1) DNA having base sequences described in SEQ ID NO 2, SEQ ID NO 16 or 
SEQ ID NO 18; or 

(2) DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted in the base sequences described in SEQ ID NO 2, 
SEQ ID NO 16 or SEQ ID NO 18 and participating in restoration from 
cytoplasmic male sterility to fertility; or 

(3) DNA hybridizing with base sequences described in SEQ ID NO 2, SEQ ID 
NO 16 or SEQ ID NO 18 under stringent conditions and participating in 
restoration from cytoplasmic male sterility to fertility. 

According to another aspect of the present invention, any of the 
following DNA is provided: 

(1) DNA having the 3,754th to 8,553th base sequences among the base 
sequences described in SEQ ID NO 1 or the 812th to 3002nd base sequences 
among the base sequences described in SEQ ID NO 15; or 

(2) DNA having the 3,754th to 8,553th base sequences where one to multiple 
bases are deleted, added and/or substituted among the base sequences 
described in SEQ ID NO 1 or the 812th to 3002nd base sequences among the 
base sequences described in SEQ ID NO 15 and participating in restoration 
from cytoplasmic male sterility to fertility; or 

(3) DNA hybridizing with DNA having the 3,754th to 8,553th base sequences 
among the base sequences described in SEQ ID NO 1 or the 812th to 3002nd 
base sequences among the base sequences described in SEQ ID NO 15 under 
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stringent conditions and participating in restoration from cytoplasmic male 
sterility to fertility. 

According to another aspect of the present invention, any of the 
following DNA is provided: 

(1) DNA having base sequences described in SEQ ID NO 1 or SEQ ID NO 15; 

or 

(2) DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted among the base sequences described in SEQ ID NO 
1 or SEQ ID NO 15, and participating in restoration from cytoplasmic male 
sterility to fertility! or 

(3) DNA hybridizing with DNA having base sequences described in SEQ ID 
NO 1 or SEQ ID NO 15 under stringent conditions and participating in 
restoration from cytoplasmic male sterility to fertility. 

According to another aspect of the present invention, the cytoplasmic 
male sterile individual has a cytoplasmic male sterilie gene of kosena radish 
(Raphanus sativus cv. Kosena) and/or ogura radish (Raphanus sativus L.) or 
has homologue thereof. 

According to another aspect of the present invention, a vector 
containing the DNA of the present invention is provided. 

According to another aspect of the present invention, a transformant 
having the DNA of the present invention or the vector of the present 
invention is provided. The transformant is preferably a transformed plant. 

According to another aspect of the present invention, a method for 
restoring from cytoplasmic male sterility to fertility characterized by using 
the DNA of the present invention is provided. 

According to another aspect of the present invention, a transformant 
enabling the control of expression of a cytoplasmic male sterilie gene by 
partially or entirely introducing the DNA of the present invention to a cell 
having a cytoplasmic male sterilie gene and having the DNA of the present 
invention is provided. 
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According to another aspect of the present invention, a maintenance 
method for a cytoplasmic male sterile line by utilizing the transformant is 
provided. 

According to another aspect of the present invention, a method for 
detecting a gene participating in restoration from cytoplasmic male sterility 
by using 15 mer to 50 mer of oligonucleotide primer arbitrarily set from the 
DNA of the present invention or at least 15 mer or more of probe comprising 
all or part of the DNA of the present invention, and by confirming that a 
quantity of base sequences to be amplified by the primer or a quantity of base 
sequences detected by the probe is one gene or more per genome in a target 
biological sample is provided. 

According to another aspect of the present invention, a promoter DNA 
having the 3,754th to 5,091st base sequences among the base sequences 
described in SEQ ID NO 1 or the 1st to 811th base sequences among the base 
sequences described in SEQ ID NO 15 is provided. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows an Rf marker gene map. 

Fig. 2 shows a pattern diagram of lambda clone CHI structure where 
base sequences described in SEQ ID NO 1 are sufficiently maintained. 

Fig. 3 shows detection results of introduced DNA in the transformant 
using the PCR method. 

Lane l: control vector, Lane 2- transformed rapeseed, Lane 3: 
cytoplasmic male sterile rapeseed 

a: 3,186bp to 3,753bp, length: 568bp 

b: 4,869bp to 5,112bp, length: 244bp 

c: 7,766bp to 8,250bp, length: 485bp 

Fig. 4 shows analysis results of accumulation decrease in ORF125, 
which is a cms protein in the transformant. 
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Lane l: Cytoplasmic male sterile rapeseed -1- 15 ug 
Lane 2- Fertility restored rapeseed 15 ug 
Lane 3: Cytoplasmic male sterile rapeseed -2- 15 ug 
Lanes 4 to T- Cytoplasmic male sterile rapeseed -2- 
15/2 ug, 15/4 ug, 15/8 jug and 15/16 ug of dilute line 
Lane 8: Transformed rapeseed 15 ug 

Fig. 5 shows results where anthers were extracted from flower bodies 
of transformed rapeseed and they were observed by a microscope. 

Fig. 6 shows base sequence of pSTV125-5' #LA6 and pSTV125"5' 
#LA12. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereafter, embodiments of the present invention will be described in 

detail. 

(l) Mode of protein of the present invention 

The protein of the present invention relates to any proteins from (i) to 

(v). 

(i) Proteins participating in restoration from cytoplasmic male sterility to 
fertility, wherein the proteins contain 14 or more of pentatricopeptide repeat 
(hereafter, abbreviated as PPR) motifs; the PPR motif group is divided into 
three or more blocks! each block has at least two or more PPR motifs, 
respectively! and the block at a carboxy terminal (C-terminal) has four PPR 
motifs! 

(ii) Proteins participating in restoration from cytoplasmic male sterility to 
fertility causing an occurrence of a gel shift to the transcription after making 
contact with a transcription of a cytoplasmic male sterile gene. 

(hi) Proteins participating in restoration from cytoplasmic male sterility to 
fertility having amino acid sequences described any of SEQ ID NOS 26 to 29! 
(iv) Any of the following proteins: 
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(1) A protein having the 80th to 687th amino-acid sequences among the 
amino-acid sequences described in SEQ ID NO 3, the 80th to 687th amino- 
acid sequences among the amino-acid sequences described in SEQ ID NO 17, 
or the 82nd to 690th amino-acid sequences among the amino-acid sequences 
described in SEQ ID NO 19; or 

(2) A protein having an amino-acid sequence where one to multiple amino 
acids are deleted, added and/or substituted in the 80th to 687th amino-acid 
sequences among the amino-acid sequences described in SEQ ID NO 3, the 
80th to 687th amino-acid sequences among the amino-acid sequences 
described in SEQ ID NO 17 or the 82nd to 690th amino-acid sequences 
among the amino-acid sequences described in SEQ ID NO 19 and 
participating in restoration from cytoplasmic male sterility to fertility! and 
(v) Any of the following proteins : 

(1) A protein having amino-acid sequences described in SEQ ID NO 3, SEQ 
ID NO 17 or SEQ ID NO 19; or 

(2) A protein having an amino-acid sequence where one to multiple amino 
acids are deleted, added and/or substituted described in SEQ ID NO 3, SEQ 
ID NO 17 or SEQ ID NO 19 and participating in restoration from cytoplasmic 
male sterility to fertility. 

In this specification, the PPR motif represents "Pentatricopeptide 
Repeat" motif. This PPR motif is a motif structure of a new protein 
discovered as a result of the progress of the genome project of Arabidopsis. 
The basic motif is such that 35 degenerated amino acid sequences are 
tandem-repeated on the primary structure of the protein. The PPR motif has 
a sequence represented by an amino terminal (N-terminal)— 
"VTYNTLISGYCKNGKLEEALELFEEMKEKGIKPDV'-carboxy terminal (O 
terminal) as a consensus amino acid sequence. This motif is proposed by 
Small and Peeters (reference: Trends Biochem Sci 2000, 25 46-47), and 
approximately 200 genes that can adopt this motif in the genome of 
Arabidopsis are reported in the gene bank, such as GenBank 
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(http//www.ncbi.nlm.nih.gov/Genbank/index.html) at that time when this 
reference was published. At present, a determination about whether or not 
one arbitrary protein can have this motif structure can be easily determined 
by a program in Protein families' database of alignments and HMNs 
(hereafter, abbreviated as Pfam, 

http//:www.sanger.ac.uk/Software/Pfam/search.shtml) located in Sanger 
Institute, UK. 

Examples where a function of the protein having the PPR motif has 
become clear up to the present date include l) an example where fermentum 
PET309, which is a protein to transfer to mitochondria, or Neurospora crassa 
CYA-5 interacts with coxl mRNA, which is a mitochondrion gene, and the 
expression of coxl is controlled by processing after transcription or in a 
translation level (Manthey and McEwen EMBO J 1995 14 4031-4043, Coffin 
et.al. Curr Genetl997 32 273-280) and 2) another example where corn CRP1, 
which is a PPR motif protein to transfer to chloroplast, is essential for 
translation of petA and petD genes, which are chloroplast genes, and in 
addition, is essential for a step of petDmRNA processing, as well (Fisk et. al. 
EMBO J 1999 18 2621-2630); therefore, it is assumed that it is highly 
possible that the protein having the PPR motif is involved in the translation 
control in some form. 

In this occasion, the inventors of the present application isolated the 
genes participating in the restoration from the sterility of kosena radish 
(Raphanus sativus cv. Kosena) cytoplasmic male sterile individual to fertility, 
and they discovered that the proteins coded by the genes have 14 or more of 
pentatricopeptide repeat (hereafter, abbreviated as PPR), and the PPR motif 
group is divided into three or more blocks, and in addition, each block has at 
least two or more PPR motifs, and, the block existing at the closest to the 
carboxy terminal (C-terminal) has four PPR motifs. 

As the protein participating in the restoration from the sterility of 
cytoplasmic male sterile individual to fertility, a protein whose number of 
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PPR motifs is 14 to 16 is preferable, and a protein where the PPR motif group 
is divided into three blocks and each block has 5, 7 and 4 PPR motifs in 
respective order form the amino terminal (N-terminal) side is more preferable. 
Specifically, proteins comprises 

(1) PPR cluster #1- a PPR cluster comprising 175 residues where the first 
PPR motif to the fifth PPR motif from the N-terminal are continuous, 

(2) PPR cluster #2- a PPR cluster comprising 245 residues where the sixth 
PPR motif to the twelfth PPR motif from the N-terminal are continuous, and 

(3) PPR cluster #3: a PPR cluster comprising 140 residues where the 
thirteenth PPR motif to the sixteenth PPR motif from the N-terminal are 
continuous, 

The protein where the fourth amino acid existing in the second PPR 
motif from the amino terminal (N-terminal) is other than serine, threonine or 
cysteine is further preferable, and the protein where the fourth amino acid 
existing in the second PPR motif from the amino terminal (N-terminal) side 
is any of asparagine, glutamine, asparagine acid and histidine is further 
preferable, and the protein where the fourth amino acid existing in the 
second PPR motif from the amino terminal (N-terminal) is asparagine is the 
most preferable. 

Since it is normally known that the fertility gene exists in a nuclear 
genome and the cytoplasmic male sterility exists in mitochondria, it is 
preferable that the protein participating in the restoration from sterility of 
the cytoplasmic male sterile individual to fertility has a signal peptide 
sequence at the amino terminal for transferring to the mitochondria or has a 
sequence comprising 'LysAspGluLeu' at the carboxy terminal. 

The signal peptide at the N-terminal for transferring to the 
mitochondria includes the one to be confirmed by a prediction program 
"TargetP" (httpV/www.cbs. dtu.dk/services/TargetP/) based upon the algorism 
of 0. Emanuelsson et al. (J. Mol. Biol. 300, 1005-1016 (2000)) or the one to be 
confirmed by another prediction program "Psort" (HYPERLINK 
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http://psort.nibb. ac.jp) http ://p sor t . nibb .ac.jp/ , and a specific example of the 
signal peptide includes a signal peptide of Arabidopsis AtOXAl (W. 
Sakamoto et al.: Plant Cell Physiol, 41:1157-1163) 

(MetAlaPheArgGlnThrLeuSerlleArgSerArgLeuPheAlaArgArgAsnGlnProVal 
TyrHisIlelleProArgGluSerAspHisGluArgAsp). Among them, 1 to 79 of amino 
acid sequences among the amino sequences described in SEQ ID NO 3 are 
preferable, and 1 to 34 of amino acid sequences among the amino sequences 
described in SEQ ID NO 3 are especially preferable. 

Further, the proteins participating in the restoration from sterility of 
cytoplasmic male sterile individual to fertility induces a translation 
inhibition of the cytoplasmic male sterilie gene by combining with the 
transcription of the cytoplasmic male sterilie gene, and restores the sterility 
of the cytoplasmic male sterile individual to fertility. 

The transcription of the cytoplasmic male sterilie gene includes 
transcription (mRNA) of genes of ORF125, which is a causal protein causing 
the kosena cytoplasmic male sterility, or ORF138, which is a causal protein 
causing the ogura cytoplasmic male sterility, and 5'-UTR (Bonhomme et al; 
Mol Gen Genet, 235:340-348(1992)) region of the gene is preferable. 

A method to confirm about whether or not combining with the 
transcription of cytoplasmic male sterilie gene includes a method where the 
protein of the present invention is added to mRNA of ORF125 or ORF 138, 
which was artificially transcripted in vitro, and the mixture is 
electrophoresed, and a so-called gel shift method, and as specific operation 
procedures, the gel shift method may be conducted under normal conditions. 

Further, another method to confirm whether or not the expression is 
restrained by adding the protein of the present application to the expression 
where a fused gene between ORF125 or ORF138 gene and a detectable 
reporter gene, such as Beta-galactosidase or luciferase, is expressed in 
Escherichia coli is also included. 
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Specifically, incorporation of a fertility gene shown with the base 
sequence of SEQ ID NO 2 into Escherichia coli expression vector and another 
incorporation of a vector where a 5'-UTR region of ORF125 and coding part of 
25 amino acids are fused to the LacZ gene into the Escherichia coli are 
prepared, and if the expression is induced, the expression of the LacZ gene is 
restrained only when the expression vector where the fertility gene is 
incorporated coexists, and the blue Escherichia coli colony becomes white in 
the presence of X-Gal. As described above, the existence of the function to 
restore the sterility of the cytoplasmic male sterility to fertility by inducing 
the translation inhibition of the cytoplasmic male sterilie gene can be 
confirmed via the confirmation by utilizing the gene that codes the protein of 
the present application. 
[0 0 3 1 ] 

The most preferable protein among proteins of the present invention 
participating in the restoration from sterility of cytoplasmic male sterile 
individual to fertility includes proteins having 70 % or more of homology, 
preferably 80 % or more, more preferably 90 % or more, further preferably 
92 % or more, further more preferably 95 % or more and the most preferably 
97 % or more with regard to the amino acid sequences described in SEQ ID 
NOS 26 to 29, which are consensus sequences. The consensus sequences 
include the amino acid sequences described in SEQ ID NO 26, preferably the 
amino acid sequences described in SEQ ID NO 27 or 28, and particularly 
preferably the amino acid sequences described in SEQ ID NO 29. 

Further, specific examples of the proteins include 
(l) a protein having the 80th to 687th amino acid sequences among the amino 
acid sequences described in SEQ ID NO 3, the 80th to 687th amino acid 
sequences among the amino acid sequences described in SEQ ID NO 17 or 
the 82nd to 690th amino acid sequences among the amino acid sequences 
described in SEQ ID NO 19; or 
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(2) a protein having amino acid sequences where one to multiple amino acids 
are deleted, added and/or substituted in the 80th to 687th amino acid 
sequences among the amino acid sequences described in SEQ ID NO 3, the 
80th to 687th amino acid sequences among the amino acid sequences 
described in SEQ ID NO 17 or the 82nd to 690th amino acid sequences 
among the amino acid sequences described in SEQ ID NO 19 and 
participating in the restoration from sterility of cytoplasmic male sterile 
individual to fertility. 

Further, the proteins having transfer sequences to mitochondria in the 
sequences include 

(1) a protein having the amino acid sequences described in SEQ ID NO 3. 
SEQ ID NO 17 or SEQ ID NO 19; or 

(2) a protein having amino acid sequences where one to multiple amino acids 
are deleted, added and/or substituted in the amino acid sequences described 
in SEQ ID NO 3, SEQ ID NO 17 or SEQ ID NO 19 and participating in the 
restoration from sterility of cytoplasmic male sterile individual to fertility. 

The protein of the present invention is a protein that can participate in 
the restoration from sterility of cytoplasmic male sterile individual to fertility. 
More specifically, when a transformed plant (Rf line) where DNA that codes 
for the protein of the present invention is bred with an individual of the 
cytoplasmic male sterile line (cms line), Fl seeds where the fertility has been 
restored can be obtained. As preferable individuals of the cms line, 
individuals where the cytoplasmic male sterilie gene(s) of kosena radish 
(Raphanus sativus cv. Kosena) and/or ogura radish (Raphanus sativus L.) is 
introduced are included. 

The protein of the present invention can be screened and isolated by 
utilizing the gel shift method or can be isolated or synthesized by utilizing 
DNA of the present invention to be described below. The acquisition method 
for the protein of the present invention will be described later. 
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(2) DNA mode of the present invention: 

The DNA of the present invention relates to any of DNA from the 
following (i) to (v): 

(i) DNA coding for the proteins of the present invention! 

(ii) DNA having base sequences described in any of SEQ ID NO 22 to SEQ 
ID NO 25: 

(hi) any of the following DNA: 

(1) DNA having base sequences described in SEQ ID NO 2, SEQ ID NO 
16 or SEQ ID NO 18; or 

(2) DNA having base sequences where one to multiple bases are 
deleted, added or substituted in the base sequence described in SEQ ID 
NO 2, SEQ ID NO 16 or SEQ ID NO 18 and participating in the 
restoration from sterility of an cytoplasmic male sterility to fertility! or 

(3) DNA hybridizing with DNA having base sequences described in 
SEQ ID NO 2, SEQ ID NO 16 or SEQ ID NO 18, and participating in 
the restoration from sterility of a cytoplasmic male sterile individual to 
fertility, 

(iv) any of the following DNA: 

(1) DNA having the 3,754th to 8,553rd base sequences, in base 
sequences described in SEQ ID NO 1 or the 812th to 3,002th base 
sequences, in base sequences described in SEQ ID NO 15! or 

(2) DNA having base sequences where one to multiple bases are 
deleted, added or substituted the 3,754th to 8,553rd base sequences, in 
base sequences described in SEQ ID NO 1 or the 812th to 3,002th base 
sequences, in base sequences described in SEQ ID NO 15! or 

(3) DNA hybridizing base sequences having the 3,754th to 8,553rd base 
sequences described in SEQ ID NO 1 or the 812th to 3,002th base 
sequences, in base sequences described in SEQ ID NO 15 under 
stringent conditions, and participating in the restoration from sterility 
of an cytoplasmic male sterile individual to fertility, or 
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(v) any of the following DNA: 

(1) DNA base sequences described in SEQ ID NO 1 or SEQ ID NO 15; 

or 

(2) DNA having base sequences where one to multiple bases are 
deleted, added or substituted in base sequences described in SEQ ID 
NO 1 or SEQ ID NO 15; or 

(3) DNA hybridizing base sequences described in SEQ ID NO 1 or SEQ 
ID NO 15 under stringent conditions, and participating in the 
restoration from sterility of a cytoplasmic male sterile individual to 
fertility. 

[0 0 3 4] 

In this specification, the DNA of the present invention may be referred 
to as a gene of the present invention. 

The base sequences shown with SEQ ID NO 1 are genome DNA base 
sequences comprising 8,553 bases; and base sequences shown in SEQ ID NO 
2 are code sequences acquired from SEQ ID NO 1. The base sequences shown 
in SEQ ID NO 3 are amino acid sequences coded by the base sequences 
shown with SEQ ID NO 2. 

The base sequences shown in SEQ ID NO 15 are genome DNA base 
sequences comprising 3,306 bases! and the base sequences shown in SEQ ID 
NO 16 are code sequences obtained from SEQ ID NO 15. The base sequences 
shown in SEQ ID NO 17 are amino acid sequences coded by the base 
sequences shown with SEQ ID NO 16. 

In this specification, "base sequences where one to multiple base 
sequences are deleted, added and/or substituted" mean, for example, that any 
of 1 to 20 base sequences, preferably 1 to 15 base sequences, more preferably 
1 to 10 base sequences, further preferably 1 to 5 base sequences are deleted, 
added and/or substituted. 

In this specification, "amino acid sequences where one to multiple base 
sequences are deleted, added and/or substituted" mean, for example, that any 
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of 1 to 20 amino acids, preferably 1 to 15 amino acids, more preferably 1 to 10 
amino acids, further preferably 1 to 5 amino acids are deleted, added and/or 
substituted. 

In this specification, "DNA hybridizing under stringent conditions" 
means a base sequence of DNA acquired by a colony hybridization method, a 
plaque hybridization method or a Southern blot hybridization method using 
DNA as a probe, and for example, after hybridization is conducted at 65 
degrees C in presence of 0.7 to 1.0 M NaCl using a filter where a colony- 
derived or plaque- derived DNA or fragment of DNA is immobilized, DNA that 
can be identified by cleaning a filter under a condition at 65 degrees C using 
0.1 to 2 x SSC solution (composition of 1 x SSC is 150 mM sodium chloride 
and 15 mM sodium citrate). 

The hybridization can be conducted based upon a method described in 
Molecular Cloning: A laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, 1989 (hereafter, abbreviated as 
"Molecular Cloning 2nd Ed.). 

DNA hybridizing under stringent conditions includes DNA having a 
certain level or more homology with the base sequence of DNA used as a 
probe. The 'certain level or more homology' herein is for example, 70 % or 
more, preferably 80 % or more, more preferably 90 % or more, further 
preferably 93 % or more and the particularly preferably 95 % or more and the 
most preferably 97 % or more. Furthermore, the DNA having a certain level 
or more of homology herein contains both polynucleotide having the above- 
mentioned homology and complementary strand polynucleotide thereof. 

DNA of the present invention is DNA that can participate in the 
restoration from sterility of cytoplasmic male sterile individual to fertility. 
More specifically, Fl seeds where fertility is restored can be obtained by 
breeding a transformed plant (Rf line) where DNA of the present invention is 
introduced with individuals of cytoplasmic male sterile line (cms line). The 
individuals of the cms line preferably include an individual where a 
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cytoplasmic male sterile gene of kosena radish (Raphanus sativus cv. Kosena) 
and/or ogura radish (Raphanus sativus L.) is introduced. 

(3) Acquisition method for DNA of the present invention: 

The acquisition method for DNA of the present invention is not 
particularly limited. The DNA of the present invention can be isolated or 
synthesized by utilizing a general breeding technique and a general genetic 
technique, which are well-known to a person with ordinary skills in the art 
pertaining to the present invention, based upon information of amino acid 
sequences to be obtained by combining PPR motif and mitochondrion transfer 
sequence obtained based upon amino acid sequences described in SEQ ID NO 
1 or SEQ ID NO 2 disclosed in this specification and amino acid sequences 
described in SEQ ID NO 3 or information of amino acid sequences described 
in SEQ ID NO 3. 

Specifically by appropriate plant origin where the genes of the present 
invention are expressed, specifically by genus Raphanus plants including 
radish variety and related species thereof or other plants where the genome 
DNA including a cytoplasmic male sterile restoring gene has been transferred 
from these plants by techniques of hybridization or cell fusion! more 
specifically by (Raphanus sativus cv. Kosena), Ogura radish (Raphanus 
sativus L.) and Yuanhong radish (Raphanus sativus cv. Yuanhong) or genus 
Raphanus plants, such as these radish varieties and related species or 
techniques of hybridization or cell fusion, the genome DNA including a 
cytoplasmic male sterility restoring gene of these plants can be obtained, and 
for example, genes of the present invention can be acquired by isolating a 
DNA marker positioned in the vicinity of the Rf gene, by preparing a genome 
map showing the relationship of genetic distance between this DNA marker 
and the Rf gene, and by a positional cloning method (also referred to as 
chromosome walking) of the Rf region as a starting point of the genome map. 
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This method is started from discovering appropriate DNA marker on 
the genome DNA, and producing a genome map by measuring a genetic 
distance between the Rf gene and the DNA marker. It is necessary for the 
DNA marker to identify between the father-derived genome and the mother- 
derived genome, and it generally comprises the length of number 100 bp. 
Further, it is necessary for the DNA marker to place on the same 
chromosome, and a marker whose hereditary mode is substantially the same 
because the distance in between the gene is close, i.e., a marker that is 
genetically strongly linked is desirable. 

The RFLP method has been conventionally used as the DNA marker 
isolation method; however, the RAPD method and AFLP (amplified fragment 
length polymorphism) method (Nucleic Acids Research, 1995, Vol. 23, No. 21, 
4407-4414), which are simplified methods using PCR, are used. In particular, 
the AFLP method is effective as a means to obtain a marker that is 
genetically strongly linked. As a material to measure a genetic distance with 
a marker, an F2 aggregate to be obtained by self-pollinating the Fl 
generation where a recessive homo-individual not having a Rfl gene and a 
dominant homo-individual having the Rfl gene in the homo-individual and a 
BC1 aggregate to be obtained by breeding the Fl generation and the 
recessive homo-individual, which is a parent of the Fl generation and does 
not have a target gene can be normally used. 

As the recessive homo-individual, radish variety of cytoplasmic male 
sterile line, genus Raphanus plants including related species, to be more 
specific, kosena radish (Raphanus sativus cv. Kosena) and ogura radish 
(Raphanus sativus L.) in the cytoplasmic male sterile line; or genus Brassica 
plants where kosena radish (Raphanus sativus cv. Kosena)-derived 
cytoplasmic male sterility (kosena cms) or Ogura radish (Raphanus sativus 
L.)- derived cytoplasmic male sterility (ogura cms) is transferred, to be more 
specific, cms rapeseed can be used. 
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As the dominant homo-individual, radish variety, which is the Rf line, 
genus Raphanus plants including related species, to be more specific, kosena 
radish (Raphanus sativus cv. Kosena), Ogura radish (Raphanus sativus L.) 
and Raphanus sativus! or genus Brassica plants where genome DNA 
including a cytoplasmic male sterility restoring gene of genus Raphanus 
plants including these radish varieties and related species is transferred by a 
technique of hybridization or cell fusion, to be more specific, Rf rapeseed can 
be used. 

For the F2 aggregate to be obtained by self-pollinating the Fl 
generation, which is obtained by breeding these parents, and the BCl 
aggregate to be obtained by breeding the Fl generation and the recessive 
homo-individual, it is desirable to analyze 100 individuals normally and to 
analyze 1,000 individuals more preferably, and the more the number of 
individuals is increased, the greater the accuracy of the genome map becomes, 
and the physical distance from the DNA marker to the target gene becomes 
shorter. As similar to the case of the Rf gene, it becomes possible to obtain a 
DNA marker with shorter physical distance. 

As a material for measuring the genetic distance between the DNA 
marker and the Rf gene, for example, thousands of F2 aggregates obtained by 
self-pollinating the radish Fl generation where cms line kosena radish 
(Raphanus sativus cv. Kosena) and Rf line Yuanhong radish (Raphanus 
sativus cv. Yuanhong) were bred based upon a method described in N. 
Koizuka, et al. Theor Appl Genet, 100:949-955, 2000 can be used. The DNA 
markers that are linked at positions with approximately 0.2 cM of genetic 
distance at both sides in the form of interposition of the Rf gene can be 
isolated by analyzing these, and a genome map showing the genetic distance 
between the marker and the Rf gene as shown in Fig. 1 can be prepared. 

Following the preparation of the genome map, the genome DNAs 
corresponding to the positions are cloned, and it becomes possible to connect 
the DNA markers by sandwiching the target gene. Normally, since the 
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physical distance between the DNA marker and the target gene is great, the 
target gene region from the DNA marker shall be covered by connecting 
multiple clones having genome DNA fragments. The process to connect 
between these DNA markers with the clones is a contig production. Similar 
to the case of the Rf gene, the contig can be produced by connecting multiple 
clones having the genome DNA fragments so as to cover the Rf gene region in 
between the DNA markers existing close to the Rf gene. 

An aggregate of the clones having the genome DNA fragments can be 
obtained by producing a genomic library. Normally, several types of vectors 
are used according to the length of clonable genome DNA, and for example, a 
library utilizing a lambda pharge vector that can clone fragments up to 
approximately 20 kb, a cosmid vector that can clone comparatively longer 
fragments (up to 40 kb), and a BAC (bacterial artificial chromosome) that can 
clone longer fragments, such as, 100 kb or longer of fragments can be 
mentioned. 

In any library, it is important that a value where the average length of 
the cloned fragments is multiplied by the number of aggregates in the library 
becomes a value, which is four or five times of the entire length (genome size) 
of genome supplied to the library. Since it is believed that the genome size of 
radish is approximately 500 Mbp, in the case that the average length is 20 kb 
as in the lambda pharge vector, the number of aggregates becomes 1.0 x 10 5 
to 1.25 x 10 5 , and in the case that the average length is 40 kb in the cosmid 
library, the number of aggregates becomes 5.0 x 10 4 to 6.25 x 10 4 . Since it is 
believed that the genome size of rapeseed is approximately 1,000 Mbp, in the 
case that the average length is 20 kb in the lambda pharge vector, the 
number of aggregates becomes 2.0 x 10 5 to 2.5 x 10 5 , and in the case that the 
average length is 40 kb in the cosmid library, the number of aggregates 
becomes 1.0 x 10 5 to 1.25 x 10 5 . 

The genome DNA to be provided to the library may be extracted from a 
living organism containing the target gene using a conventional method. In 
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the case of Rf gene, the radish variety, which is a Rf line, genus Raphanus 
plants including related species, to be more specific, kosena radish 
(Raphanus sativus cv. Kosena), ogura radish (Raphanus sativus L.) and 
Yuanhong radish (Raphanus sativus cv. Yuanhong), which are cytoplasmic 
male sterility restoring lines! or genus Brassica plants where the genome 
DNA containing a cytoplasmic male sterility restoring gene of genus 
Raphanus plants including these radish species and related species is 
transferred by a technique of hybridization or cell fusion, and to be more 
specific Rf rapeseed can be utilized. In general, it is believed that it is the 
most desirable that the genome DNA is extracted from a plant, which is the 
same Rf line as the parent that was utilized at the time of producing the F2 
aggregate or the BCl aggregate, and a genomic library is produced. The 
genome DNA can be prepared by following a conventional method, such as 
CTAB method (Murray, M. G. and Thompson, W. F. (1980) NucleicAcids Res., 
8, 4321). 

In the contig production, at first, a clone maintaining DNA markers 
located at both sides of the Rf gene is isolated. The clone is isolated from the 
genomic according to a conventional method, using a plaque hybridization 
method in the case of the lambda pharge library or using a colony 
hybridization method in the case of the cosmid library and the BAC library. 
Next, a contig is produced by isolating clones adjacent to the clone using the 
terminal region of the isolated clone as an index. After the production, the 
base sequence of the contig is determined according to a conventional method. 

Due to the recent progress of the genome project, a technology to 
estimate functioning genes from base sequences of the genome DNA has been 
developing. The gene discovery program represented by "Genscan" can 
estimate genes with considerably high accuracy. Further, the homology 
search program represented by "BLAST" can estimate similarity of other 
genes and proteins. Utilizing this analysis software, target genes are 
estimated and isolated. Even in the case of the Rf gene, it is possible to 
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similarly isolate and identify genome DNA sequences of contig by utilizing 
similar analysis software. Further, analyzing them, a promoter part on the 
genome DNA base sequence, a structural gene part including intron, and a 
terminator part are expressed. Further, simultaneously, genes to be 
translated into a protein except for intron and amino acid sequences to the 
gene are expressed. As described above, it is possible to estimate the Rf 
genes on the contig with considerably high accuracy. 

Further, in order to confirm whether or not what form the target 
genome is actually expressed within a living organism based upon the 
estimated gene sequence by utilizing the analysis software, mRNA is purified 
and it can be proved by isolating a supplementary DNA (cDNA) to this 
mRNA. Further, regarding from where the transcription has started, it is 
possible to prove by analyzing with a method where PCR is applied referred 
to as 5'-RACE method as a simplified method, and to be more certain, with 
the primer extension method or the Si mapping method. 

The above-mentioned methods are described in Molecular Cloning: A 
laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY, 1989. 

The isolated gene of the present invention based upon the base 
sequences estimated by the techniques specifically includes DNA shown in 
SEQ ID NO 2, SEQ ID NO 16 or SEQ ID NO 18, and it also becomes possible 
to easily isolate cDNA from other plant origins by a general genetic technical 
based upon the DNA sequence. 

Specifically by appropriate plant origin where the genes of the present 
invention are expressed, specifically by Genus Raphanus plants including 
radish variety and related species thereof or other plants where the genome 
DNA including a cytoplasmic male sterile restoring gene has been transferred 
from these plants by techniques of hybridization or cell fusion! more 
specifically by (Raphanus sativus cv. Kosena), Ogura radish (Raphanus 
sativus L.) and Yuanhong radish (Raphanus sativus cv. Yuanhong) or Genus 
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Raphanus plants, such as these radish varieties and related species or 
techniques of hybridization or cell fusion, a cDNA library is prepared in 
accordance with a usual method from the genus Brassica plants where the 
genome DNA including a cytoplasmic male sterility restoring gene of these 
plants, and cDNA equivalent to the gene of the present invention can be 
isolated using appropriate DNA fragments, which are unique to the gene of 
the present invention, as a probe, or by selecting the desired clones using an 
antibody to the translation product of the gene of the present invention. 

In the above-mentioned description, as an origin of cDNA, various cells, 
tissues and derived cultured cells where the gene of the present invention is 
expressed are illustrated. Further, separation of entire RNA from these, 
separation and purification of mRNA, acquisition of cDNA and cloning can be 
all conducted in accordance with a conventional method. 

The method of screening the gene of the present invention from the 
cDNA library is also not limited, but a normal method can be followed. 

As the probe used herein, DNA, which is chemically synthesized based 
upon the information regarding the base sequences of the gene of the present 
invention, can be generally used; however, the gene of the present invention, 
which has already been acquired, and fragments thereof can be excellently 
used. Further, a sense primer and an anti-sense primer, which are set based 
upon the base sequence information of the gene of the present invention, can 
also be used as a probe for screening. 

The nucleotide sequences of the sense primer and anti- sense primer 
used for the primer include partial nucleotide sequences corresponding to the 
DNA coding for the amino acid sequences shown in SEQ ID NO 3, SEQ ID 
NO 17 or SEQ ID NO 19, and the one having at least 15 to 50 successive 
bases, preferably 20 to 30 successive bases can be mentioned. Alternatively, 
a positive clone itself having the sequences can be used as a probe. 

On the occasion of acquiring the gene of the present invention, a 
technique, which is normally used for the isolation of genes, may be used by 



28 



WO 02/088179 



PCT/JP02/04092 



combining with a DNA/RNA amplification method according to the PCR 
method or the RACE method represented by the 5'-RACE method. 

The primer used on the occasion of adopting the PCR method can be 
appropriately set based upon the sequence information of the gene of the 
present invention, which has been clarified by the present invention, and this 
can be synthesized in accordance with a conventional method. Furthermore, 
for isolation and purification of amplified DNA/RNA fragments, a 
conventional method can be used as described above, and for example, it can 
be conducted with gel electrophoresis. 

The gene of the present invention obtained as described above or 
various DNA fragments can determine their base sequences in accordance 
with a conventional method. 

According to the gene of the present invention obtained as described 
above, a presence of the gene of the present invention in an individual or 
various tissues and whether or not the gene is expressed can be 
characteristically detected by utilizing partial or entire base sequences of the 
gene. 

As described above, the gene of the present invention can include the 
DNA coding for the amino acid sequences shown, for example, in SEQ ID NO 
3, SEQ ID NO 17 or SEQ ID NO 19; however, the gene is not particularly 
limited to this, but it is needless to say, it also includes a homologue of the 
gene. 

Herein, the homologue of a gene means a series of related genes, which 
has a sequence homogeneity with the gene of the present invention (or its 
gene product), and which is recognized as one gene family according to the 
similarity of the structural characteristic and the biological function as 
described above, and it is needless to say, it includes an allelic gene of the 
gene, as well. 

For example, the gene of the present invention is not limited to the 
gene having specific base sequences shown with SEQ ID NO 1 or SEQ ID NO 
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2, but it is also possible to have the base sequences to be selected by 
combining any codon to each amino acid residue shown with SEQ ID NO 3. 
Similarly, the gene of the present invention is not limited to the gene having 
specific base sequences shown with SEQ ID NO 15 or SEQ ID NO 16, but it is 
also possible to have the base sequences to be selected by combining any 
codon to each amino acid residue shown with SEQ ID NO 17, and the gene of 
the present invention is not limited to the gene having specific base 
sequences shown with SEQ ID NO 18, but it is also possible to have the base 
sequences to be selected by combining any codon to each amino acid residue 
shown with SEQ ID NO 19. The selection of codon can be in accordance with 
a conventional method, and for example, frequency in use of codon of a host to 
be utilized can be taken into consideration. 

Further, as described above, the gene of the present invention even 
includes DNA hybridizing a DNA having base sequences shown in SEQ ID 
NO 1, SEQ ID NO 2, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 18 or a part 
of them. This DNA is a DNA having a certain level or more of homology with 
the DNA having base sequences shown in SEQ ID NO 1, SEQ ID NO 2, SEQ 
ID NO 15, SEQ ID NO 16, SEQ ID NO 18 or a part of them. 

The above-mentioned DNA having a certain level or more of homology 
is polynucleotide or a complementary strand polynucleotide having at least 
70 % of identity, preferably at least 90 % of identity, or more preferably at 
least 95 % of or further more preferably 97 % of identity with base sequences 
shown in SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 15, SEQ ID NO 16 or 
SEQ ID NO 18, or a part of them, amino acid sequences shown in SEQ ID NO 

3, SEQ ID NO 17 or SEQ ID NO 19, or base sequences coding a part of them. 

To be more specific, for example, the DNA having base sequences 
shown in SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 15, SEQ ID NO 16 or 
SEQ ID NO 18, or a part of the base sequences and the DNA having base 
sequences to be hybridized can be illustrated under stringent conditions with 
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0.2 x SSC at 60 degrees C containing 0.1 % SDS or 1 x SSC at 60 degrees C 
containing 0.1 % SDS. 
[0 0 6 8] 

Further, among the DNAs of the present invention, in particular, 
DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted in base sequences or a part of them described in 
SEQ ID NO 1 or SEQ ID NO 15, and participating in the restoration from 
sterility of cytoplasmic male sterile individual to fertility; 

DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted in base sequences or a part of them described in 
SEQ ID NO 2, SEQ ID NO 16 or SEQ ID NO 18, and participating in the 
restoration from sterility of cytoplasmic male sterile individual to fertility! 
and 

DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted in base sequences or a part of them described in 
SEQ ID NO 3, SEQ ID NO 17 or SEQ ID NO 19, and participating in the 
restoration from sterility of cytoplasmic male sterile individual to fertility! 
can be produced by an optional method, which is well-known to a person with 
ordinary skills in the art pertaining to the present invention, such as 
chemical synthesis, genetic technique or induction of mutation. For example, 
a mutant gene can be acquired by inducing mutation to DNAs by utilizing the 
DNA having the base sequences or a part of the base sequences described in 
SEQ ID NO 1, 2, 15, 16 or 18. 

As a method to obtain the mutant gene, for example, well-known 
methods, such as a method using a random mutant, targeted mutant or 
synthetic gene (see New Genetic Handbook, Supplementary Edition of 
Experimental Medicine, Yodosha Co., Ltd., 1996) can be used. 

Specifically, a method to bring into contact and action with a drug to 
be mutagens, a method to radiate ultraviolet rays, or a genetic technique can 
be used upon the DNA having the base sequences described in SEQ ID NO 1 
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or 2 or part of the base sequences. Since the site- directed mutagenesis, which 
is one of genetic techniques, is a technique where a specific variation can be 
introduced to a specific position, it is useful, and it can be conducted in 
accordance with the method described in Molecular Cloning Second Edition. 
(4) Vector containing DNA of the present invention: 

The DNA of the present invention can be used as a recombinant vector 
by recombining into an appropriate vector. The type of vector may be an 
expression vector or non-expression vector, and it can be selected based upon 
the purpose. 

As a cloning vector, a vector that can be autonomous-replicated among 
Escherichia coli K12 strains is preferable, and a vector for Escherichia coli 
expression, such as a pharge vector or plasmid vector that can be used, may 
be used as a cloning vector. Specifically, it can include ZAP Express 
[Stratagene, Strategies, 5, 58 (1992)], pBluescrlpt II SK(+) [Nucleic Acids 
Research, 17, 9494 (1989)], Lambda ZAP II ((manufactured by Stratagene), 
AgtlO, Agtll [DNA Cloning, A Practical APPRoach, 1, 49 (1985)], ATriplEx 
(manufactured by CloneTech), AExCell (manufactured by Pharmacia), 
pT7T318U (manufactured by Pharmacia), pcD2 [Mol. Cen. Biol., 3, 280 
(1983)], pMW218 (manufactured by Waco Pure Chemical Industries, Ltd.), 
pUCH8 (manufactured by Takara Shuzo Co., Ltd.), pEG400 [.Baa, 172, 2392 
(1990)], and pQE-30 (manufactured by QIAGEN). 

The expression vector can be selected by considering a combination 
with a host, and preferably, a vector that enables autonomous replication or 
incorporation into a chromosome, and that contains a promoter at the 
position where the gene of the present invention can be transcribed can be 
used. 

When a bacillus is used as a host cell, it is preferable that the 
expression vector for expression of a DNA is autonomously-replicable in the 
bacillus! simultaneously, it is preferable that the vector is a recombinant 
vector comprising a promoter, a liposome-binding sequence, the DNA and the 
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transcription termination sequence. A gene that controls the promoter may 
be contained. 

The expression vector for bacillus, for example, pBTrP2, pBTacl, 
pBTac2 (all are commercially supplied by Boehringer Mannheim GmbH), 
pKK233-2 (manufactured by Pharmacia), pSE280 (manufactured by 
Invitrogen), pGEMEX-1 (manufactured by PromegaX pQE-8 (manufactured 
by QIAGEN), pQE-30 (manufactured by QIAGEN), pKYPIO (Japanese 
Unexamined Patent Application S58- 110600), pKYP200 [Agrc.Biol.Chem., 48, 
669 (1984)], PLSA1 [Agrc. Biol. Chem., 53, 277 (1989)], pGELl [Proc. Natl. 
Acad. Sci. USA, 82, 4306 (1985)], pBluescrlptll SK+, pBluescriptll SK (-) 
(manufactured by Stratagene), pTrS30 (FERMBP-5407), pTrS32 (FERM BP- 
5408), pGEX (manufactured by Pharmacia), pET-3(manufactured by 
Novagen), pTerm2 (US4686191, US4939094, US5160735), pSupex, pUBHO, 
pTP5, P C194, pUCl8 [Gene, 33, 103 (1985)], P UC19 [Gene, 33, 103 (1985)], 
pSTV28 (manufactured by Takara Shuzo Co., Ltd.), pSTV29 (manufactured 
by Takara Shuzo Co., Ltd.), pUCH8 (manufactured by Takara Shuzo Co., 
Ltd.), pPAl (Japanese Unexamined Patent Application S63-233798), pEG400 
[J. Bacterid., 172, 2392 (1990)], pQE-30 (manufactured by QIAGEN) can be 
illustrated. The promoter for bacillus includes, for example, promoters 
derived from Escherichia coli or pharge, such as a trp promoter (P trp), a lac 
promoter (P lac), a PL promoter, a PR promoter or a PSE promoter; a SP01 
promoter, a SP02 promoter and a penP promoter. 

As the expression vector for fermentum, for example, a promoter, such 
as YEpl3 (ATCC37115), YEp24 (ATCC37051), Ycp50 (ATCC37419), P HS19 
and pHSl5 are exemplified. A promoter for fermentum includes, for example, 
a PH05 promoter, a PGK promoter, a GAP promoter, an ADH promoter, a 
gall promoter, a gallO promoter, a heat shock protein promoter, an MFctl 
promoter or a CUP1 promoter. 

As the expression vector for animal cells, for example, pcDNAI, pcDM8 
(commercially supplied from Funakoshi Corporation), pAGE107 [Japanese 
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Unexamined Patent Application H3-22979; Cytotechnology, 3, 133, (1990)], 
pAS3-3 (Japanese Unexamined Patent Application H2-227075), pCDM8 
[Nature, 329, 840, (1987)], pcDNAI/AmP (manufactured by Invitrogen), 
pREP4 (manufactured by Invitrogen), pAGE103 [J.Blochem., 101, 1307 
(1987)], and pAGE210 can be illustrated. The promoter for animal cells 
includes, for example, a promoter of IE (immediate early) gene of 
cytomegalovirus (human CMB), an initial promoter of SV40, a retrovirus 
promoter, a metallothionein promoter, a heat shock promoter and a SRct 
promoter. 

As the expression vector for plant cells, for example, pIGl21-Hm 
[Plant Cell Report, 15, 809-814 (1995)], pBI121 [EMBO J. 6, 3901-3907 
(1987)], pLAN411 and pLAN421 (Plant Cell Reports 10 (1991), 286-290) can 
be illustrated. Further, when, in particular, 10 kb or longer DNA fragments 
are induced into plants, it is desirable to use improved vectors so as to stably 
maintain and introduce long-chain DNA. For example, pBIBAC2 (Gene 200 
(1997) 107-116), pYLTAC7 (PNAS 96 (1999) 6535-6540) and pBIGRZ2 
(Bioscience and Industry, 55 (1997), 37-39) are mentioned. 

The promoter for plant cells includes, for example, a cauliflower mosaic 
virus 35S promoter [Mol. Gen. Genet (1990) 220, 389-392]. Furthermore, 
details of plant transformation will be separately described later. 

(5) Transformant having DNA of the present invention: 

The transformant having DNA of the present invention can be 
produced by introducing the above-mentioned recombinant vector (preferably, 
expression vector) to a host. 

Specific examples of host cells of bacillus includes microorganisms 
belonging to Escherichia, Corynebacterium, Brevibacterium, Bacillus, 
Microbacterium, Serratia, Pseudomonas, Agrobacterium, Alicyclobacillus, 
Anabaena, Anacystis, Arthrobacter, Azobacter, Chromatium, Erwinia, 
Methylobacterium, Phormidium, Rhodobacter, Rhodopseudomonas, 
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Rhodospirillum, Scenedesmun, Streptomyces, Synnecoccus or Zymomonas. 
A method to introduce a recombinant vector into a cell host includes, for 
example, a method using calcium ions or the protoplast method. 

Specific examples of fermentum host can include Saccharomyces 
cerevisae, Schizosaccharomyces pombe, Kluyveromyces lactis, Trichosporon 
pullulans and Schwanniomyces alluvius. 

As a method for introducing a recombinant vector into fermentum host, 
any methods for inducing DNA into fermentum can be used, and for example, 
they can include an electroporation method, a spheroplast method and a 
lithium acetate method. 

The animal cell host can include Namalwa cells, COSl cells, COS7 
cells and CHO cells. 

As an introduction method of a recombinant vector into animal cells, 
any method for introducing DNA into animal cells can be used, and for 
example, the electroporation method, a calcium phosphate method and a 
lipofection method can be used. 

A transformant using plant cells will be described later. 

(6) Acquisition method for proteins of the present invention: 

The acquisition method for the proteins of the present invention is not 
particularly limited. The proteins of the present invention can be isolated, 
expressed or synthesized by utilizing a general genetic technique for a person 
with ordinary skills in the art pertaining to the present invention, based 
upon information about amino acid sequences obtained by combining the 
information about the amino acid sequences described in SEQ ID NO 3, SEQ 
ID NO 17 or SEQ ID NO 19 or PPR motifs or mitochondrion transfer 
sequences obtained based upon the amino acid sequences described in SEQ 
ID NO 3, SEQ ID NO 17 or SEQ ID NO 19. 
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For example, the expression can be realized by isolating or 
synthesizing DNA that codes for the protein of the present invention and by 
introducing the DNA into cells. 

The proteins of the present invention can be obtained, for example, by 
culturing transformant having the genes of the present invention, by 
producing and accumulating the proteins of the present invention in the 
culture, and by collecting the proteins from the culture. 

The method for culturing the transformant having the genes of the 
present invention can be in accordance with the normal method used for the 
culture of hosts. 

When the transformant of the present invention is prokaryote, such as 
Escherichia coli, or eukaryote, such as yeast fungus, the culture medium for 
culturing these microorganisms may be either natural or synthetic culture 
medium, as long as it is the culture medium that contains a carbon source, a 
nitrogen source or inorganic salts where the microorganisms can be utilized, 
and where the culture of the transformant can be efficiently conducted. It is 
preferable to culture the host under aerobic conditions, such as shaking 
culture or deep ventilation spinner culture, and the culture temperature is 15 
degrees C to 40 degrees C, and the culture time is normally for 16 hours to 7 
days. During culturing, pH is maintained at 3.0 to 9.0. The pH is adjusted 
by inorganic or organic acid, an alkali solution, urea, calcium carbonate or 
ammonia. Further, antibiotics, such as ampicillin or tetracycline, may be 
added during the culturing as occasions demand. 

As the culture medium where the transformant obtained using animal 
cells as a host cell, generally-used RPM11640 culture medium [The Journal 
of the American Medical Association, 199, 519 (1967)], Eagle MEM culture 
medium [Science, 122, 501 (1952)], DMEM culture medium [Virology, 8, 396 
(1959)], 199 culture medium [Proceeding of the Society for the Biological 
Medicine, 73, 1 (1950)] or culture media where cow's fetus serum is added 
into these culture media are used. The culture is normally conducted for 1 
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day to 7 days under conditions of 6 to 8 of pH, 30 degrees C to 40 degrees C of 
temperature and in the presence of 5 % CO2. Further, antibiotics, such as 
Kanamycin or penicillin, may be added to the culture medium during the 
culturing as occasions demand. 

As the culture medium for culturing the transformant obtained using 
plant cells as a host cell, culture media normally used according to plant 
species, such as MS culture medium or R2P culture medium. The culturing 
is normally conducted for 1 day to 21 days under conditions at 6 to 8 of pH 
and 15 degrees C to 35 degrees C [of temperature] . Further, antibiotics, such 
as kanamycin or hygromycin, may be added to the culture medium during 
the culturing as occasions demand. 

In order to isolate and purify the proteins of the present invention 
participating in the restoration from sterility of cytoplasmic male sterile 
individual to fertility from the culture of the transformant, normal protein 
isolation and purification methods may be used. 

For example, when the proteins of the present invention are expressed 
in the state where they are dissolved into cells, after the culturing, the cells 
are collected via centrifugal separation and suspended into an aquatic buffer 
solution, the cells are crushed by an ultrasonic crusher, a French press, a 
Menton-Gaulin homogenizer or a dyno-mill, and a cell-free extract is obtained. 
A purified preparation can be obtained from supernatant obtained via the 
centrifugal separation of the cell-free extract using techniques, such as a 
normal protein isolation purification method, i.e., a solvent extraction method, 
a salting-out method with ammonia sulfate, a desalination process, a 
precipitation method with an organic solvent, an anion exchange 
chromatography method using a resin, such as diethylaminoethyl (DEAE) 
sepharose, DIAION HPA-75 (manufactured by Mitsubishi Chemical), a cation 
exchange chromatography method using a resin, such as S- Sepharose FF 
(manufactured by Pharmacia), a hydrophobic chromatography using a resin, 
such as butyl sepharose or phenyl sepharose, a gel filtration method using 
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molecular sieving, an affinity chromatography method, a chromatography 
focusing method, singularly or in combination. 

Further, when the proteins form an insolubilized body within cells and 
it is expressed, similarly the cells are crushed after they are collected, and 
after the proteins are collected using a normal method from a precipitation 
fraction obtained via the centrifugal separation, the insolubilized body of the 
proteins is solubilized with a protein denaturant. After the solubilized 
solution is diluted or dialyzed to a solution, which does not contain a protein 
denaturant or a dilute solution where the concentration of the protein 
denaturant is low enough not to cause denaturing of the proteins, and after 
the proteins are constructed to a normal steric structure, a purified 
preparation can be obtained using the similar isolation and purification 
method. 

When the proteins of the present invention or derivatives thereof, such 
as sugar modified bodies, are secreted to the outside of the cell walls, the 
proteins or derivatives thereof, such as glycosylation bodies, can be collected 
from the culture supernatant. In other words, a soluble fraction is acquired 
by processing the culture using the similar technique, such as centrifugal 
separation, and a purified preparation can be obtained from the soluble 
fraction by using the similar isolation and purification method. 

Further, the proteins of the present invention can be produced using a 
chemical synthesis method, such as an Fmoc method 

(fluorenylmethyloxycarbonyl method) or a tBoc method (t-butyloxycarbonyl 
method). Further, the proteins of the present invention can also be 
synthesized by utilizing peptide synthesizers by Sowa Trading (manufactured 
by US Advanced Chem Tech), Perkin Elmer Japan (manufactured by US 
Perkin Elmer), Amersham Pharmacia Biotech (manufactured by Amersham 
Pharmacia Biotech), Aloka (manufactured by US Protein Technology 
Instrument), Kurabo (manufactured by US SynthecelbVega), Japan 
PerSeptive Limited (manufactured US PerSeptive), Shimadzu Corporation. 
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(7) Transformant of plants having DNA of the present invention: 

The base sequences described in SEQ ID NO 1 and SEQ ID NO 15 are 
base sequences in the extracted form of plant genome-originated base 
sequences. These base sequences contain a promoter and terminator 
required for the gene expression to be operable. The vector to be introduced 
can clone the genes to a general cloning vector, such as cosmid pWE15 
(manufactured by STRATAGENE), in the case of a direct introduction 
method. In the case of utilizing Agrobacterium, it can be cloned to a general 
vector for plant transformation, such as pBI121 (manufactured by Clontec). 

Further, DNA of the base sequences where a part of intron is extracted 
from this sequence (genomic sequence), DNA of base sequences where almost 
all of intron is extracted, DNA shown with SEQ ID NO 2 or portions 
corresponding to the 238th to 2,064th base sequences, DNA shown with SEQ 
ID NO 16 or portions corresponding to the 238th to 2,064th base sequences, 
DNA shown with SEQ ID NO 18 or portions corresponding to the 244th to 
2,073rd base sequences! or DNA that codes for proteins shown with SEQ ID 
NO 3 or portions corresponding to 80 to 687 residues, with SEQ ID NO 17 or 
portions corresponding to 80 to 687 residues, or with SEQ ID NO 19 or 
portions corresponding to 82 to 690 residues may be introduced into plant 
cells. 

Herein, DNA having the 3,754th to 5,091st base sequences among the 
base sequences described in SEQ ID NO 1 or having the 1st to 811th base 
sequences among the base sequences described in SEQ ID NO 15 is promoter 
having a capability to transfer mRNA with anther, and it is preferably used 
for restoring male sterility. 

In addition, promoter and terminator portions may be substituted by a 
promoter and a terminator that function in the well-known plant cells. 

Furthermore, when DNA shown with SEQ ID NO 2 or with the 238th 
to 2,064th DNA thereof, DNA shown with SEQ ID NO 16 or with the 238th to 
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2,064th DNA thereof and DNA shown with SEQ ID NO 18 or with the 80th to 
687th DNA thereof or DNA that codes for the proteins shown described in 
SEQ ID NO 3 or with portions corresponding to the 80 to 687 residues, SEQ 
ID NO 17 or with portions corresponding to the 80 to 687 residues or SEQ ID 
NO 19 or with portions corresponding to the 82 to 690 residues is introduced 
into the plant cells, a promoter and a terminator are required other than this 
DNA. As the general vectors normally used well, pBI121 (manufactured by 
Clonetec) is mentioned; however, in this vector, a 35S promoter of cauliflower 
mosaic virus is used for the promoter and a terminator of nopaline synthesis 
enzyme existing in Ti plasmid of A. tumefacience is used for the terminator. 
Further, as the promoter required for the expression, the 35S promoter of 
cauliflower mosaic virus is not limited to be used but a rbcS promoter widely 
existing in plants may be used, and it is more preferable to use a type of 
promoter that is expressed during the growing period of pollen, such as T29 
promoter, and it is further preferable to use the original promoter 
coordinated at the upstream of the gene. The terminator is also not limited 
to the terminator of the nopaline synthesis enzyme, but a 35S terminator of 
cauliflower mosaic virus can be used, and it is more preferable to use an 
original terminator coordinated at the downstream of the gene. 

In addition, when the DNA described in SEQ ID NO 2 or with the 
238th to 2,064th base [sequences] thereof, the DNA described in SEQ ID NO 

16 or with the 238th to 2,064th base [sequences] thereof or the DNA 
described in SEQ ID NO 18 or with the 244th to 2,073rd base [sequences] 
thereof, or the DNA that codes for the proteins described in SEQ ID NO 3 or 
with the portions corresponding to 80 to 687 residues thereof, in SEQ ID NO 

17 or with the portions corresponding to 80 to 687 residues thereof or in SEQ 
ID NO 19 or with the portions corresponding to 82 to 690 residues thereof are 
used for the purpose of restoring from the sterility of cytoplasmic male sterile 
individual to fertility, a transfer sequence to mitochondria becomes required, 
in addition to these sequences. 
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As the transfer sequence to mitochondria, DNA shown with the 1st to 
237th base [sequences] in SEQ ID NO 2 or the 1st to 79th amino acid 
sequences in SEQ ID NO 3, DNA shown with the 1st to 237th base 
[sequences] in SEQ ID NO 16 or the 1st to 79th amino acid sequences in SEQ 
ID NO 17 or DNA shown with the 1st to 243RD base [sequences] in SEQ ID 
NO 18 or the 1st to 81st amino acid sequences in SEQ ID NO 19 or any other 
well-known transfer sequences can be utilized. 

The inventors of the present application produced a vector for plant 
transformation for the purpose of introducing DNA of the Rf gene containing 
intron, which is contained from the original promoter to terminator existing 
in the genome, in the original form, shown in SEQ ID NO 1 in the 
embodiments described below. After the base sequences shown in SEQ ID 
NO 1 were cut off by a restricted enzyme from clones comprising a part of 
contig, they were sub-cloned to appropriate cloning vectors, and then, 
fragments sub-cloned to the vectors for plant transformation pKM424 and 
pBIGRZ2 were introduced, and a vector that can introduce the fragments into 
plants was obtained. This vector was introduced to Agrobacterium for plant 
transformation. The DNA fragments are incorporated into the plant genome 
by infecting this Agrobacterium where the vector is maintained to plants. 

For the plants where the gene of the present invention is applied, for 
example, oil crops, such as rapeseed, sunflower, soybean or palm; for example, 
cereal crops, such as rice, corn or wheat; for example, flowers and ornamental 
plants, such as tobacco or petunia; and for example, various vegetables, such 
as tomato, broccoli, cabbage, Chinese cabbage or carrot, can be exemplified. 

Among them, genus Brassica plants, such as rapeseed, cabbage, 
Chinese cabbage or broccoli, and tomatoes are preferable, and rapeseed, 
cabbage, Chinese cabbage and broccoli are particularly preferable, and 
rapeseed is the most preferable. 

In this specification, the transformation plant source includes seeds, 
germs, nursery plants, callus, cultured cells and plant bodies, and a 
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preferable part may be selected according to a subject plant as normally 
conducted by a person with ordinary skills in the art pertaining to the 
present invention, for example, in the case of rapeseed, germ or protoplast; in 
the case of soybeans, callus or cultured cells; in the case of sunflower, germ; 
in the case of palm, callus or cultured cells; in the case of rice, germ, callus, 
cultured cells or protoplast; in the case of corn, germ, nursery plants, callus, 
cultured cells or protoplast; in the case of wheat, germ, callus or cultured 
cells! in the case of cabbage or broccoli, germ, callus, cultured cells or 
protoplast; and in the case of carrot, germ, callus, cultured cells or protoplast. 

The transformation procedure to plants can be conducted in accordance 
with a conventional method, and for example, a method where after a vector 
is once introduced into Agrobacterium, the vector is introduced by infecting 
the Agrobacterium with plant cells, or another method for directly 
introducing the vector into cells using an electroporation method, a DEAE 
dextran method, a calcium phosphate method, a polyethylene glycol method, 
or a particle gun method can be exemplified. 

For example, as a preferable gene introduction method in the case of 
rapeseed, the following methods are exemplified: 

Hypocotyl of rapeseed variety sprouted in the MS culture medium 
containing sugar, such as sucrose, as a carbon source is pre-cultured on the 
MS culture medium containing 2,4-dichlorophenoxyacetic acid and sucrose. 
Agrobacterium proliferated in the YEB culture medium is harvested via 
centrifuge, and re- suspension is conducted in the MS culture medium 
containing sucrose. After the above-mentioned rapeseed hypocotyl is added 
to this suspension and the mixture is concussed, the extracted hypocotyl is 
put back into the original pre-cultured medium and it is co-cultivated for 
three days, and then, the culture is transferred to a selection medium 
containing plant hormone, such as zeatin or benzylaminopurine, carbenicillin 
and kanamycin, and selection is conducted. A reproduced individual can be 
obtained by culturing the obtained regeneration bud via this process in an 
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elongation culture medium optionally containing plant hormone, such as 
benzylaminopurine, and consecutively in a rooting culture medium optionally 
containing plant hormone, such as naphthalene acetic acid or 
benzylaminopurine), and Fl variety where the fertility is restored can be 
obtained by breeding this individual with a cms line individual. 

As described above, it becomes possible to restore from the sterility of 
the cytoplasmic male sterile individual to the fertility by introducing the 
DNA of the present invention into plants. Furthermore, for the regenerated 
individual, the expression can be confirmed by breeding with cms line 
rapeseed and by investigating the fertility of descendant thereof; however, in 
the case of transformation using rapeseed having a cms cytoplasm as a 
material, the pollen fertility can be investigated by transferring a 
transformant (regenerated individual) where a root is formed as described 
above into soils containing normal fertilizers and by blooming, and this is 
preferable because the method is temporally and operationally simple. 

Further, in the transformation, in the case of transformation as 
described above by utilizing cells or tissues of rapeseed having the cms 
cytoplasm, preferably, hypocotyl, cotyledon, leaves, pollen, cultured cells, 
callus or protoplast, as cells to be used; a plant individual where the pollen 
fertility is restored can be obtained by transferring the plant body 
(regenerated individual) obtained with the above-mentioned method to soils 
containing normal fertilizers and by blooming. 

In other words, using cms cells, after the DNA of the present invention 
is introduced using the above-mentioned gene introduction method to the cms 
cells and the cells where the DNA is incorporated into a nuclear are selected 
using resistance to antibiotics or herbicide-tolerant selection markers, such 
as kanamycin, as an index, a plant body where the DNA is incorporated into 
the nuclear can be obtained by culturing in the prolongation culture medium 
or the rooting culture medium. The male sterile character is restored, and 
this plant body becomes fertile. 
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As a method for detecting the gene participating in the restoration 
from cytoplasmic male sterility, it can be conducted by confirming such that a 
quantity of base sequences to be amplified by the primer or a quantity of base 
sequences to be detected by the probe is one gene or more per genome in the 
target biological sample using an oligonucleotide primer with 15 mer to 50 
mer optionally set from the DNA according to any of Claims 1 to 4 or a probe 
with at least 15 mer or more comprising entire or a part of the DNA 
according to any of Claims 1 to 4. 

The specific confirmation technique includes, for example, the PCR 
method and the Southern hybridization method, and between them, the PCR 
method is preferable. These techniques can be conducted in accordance with 
the method described in Molecular Cloning: A laboratory Manual, 2nd Ed., 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1989 (hereafter, 
abbreviated as "Molecular Cloning 2nd Ed"). 

In order to confirm that one gene or more exist in one genome, it is 
necessary to confirm the same degree of amplification using the same number 
of DNA copies as a template, as a simplified method in the PCR method, and 
to be more accurate, using the quantification PCR method, this can be 
confirmed by comparing the amplification quantity of known genes with a 
quantity of base sequences to be amplified by the primer in the biological 
sample, using any primer that amplifies known gene, which is known that 
one gene exists in one genome as internal standard. In the Southern 
hybridization method, DNA of the fertility restored line plant individual, 
which is known that one gene of DNA exists in one genome, is compared to 
the DNA of a target plant sample, and whether or not the detected DNA 
quantity is the same or greater. 

As the primer used for the PCR method, for example, oligonucleotide 
with 15 mer to 50 mer, which is the same as DNA sequences described in 
SEQ ID NO 1 or SEQ ID NO 2, or which has complementation, is exemplified. 
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As the probe used for the Southern hybridization method, the entire 
area of double- strand DNA or a portion with at least 15 mer or more of DNA 
sequences described in SEQ ID NO 1 or SEQ ID NO 2, or single-strand DNA 
or the entire area of complementation or a portion with at least 15 mer or 
more are exemplified. Further, as described above, DNA having a certain 
level or more of homology with the base sequences of DNA used as the probe 
as mentioned above can be exemplified. The 'a certain level or more of 
homology' herein means, for example, 70 % or more, preferably 80 % or more, 
more preferably 90 % or more, further preferably 93 % or more, particularly 
preferably 95 % or more, and the most preferably 97 % or more. Furthermore, 
as DNA having a certain level or more of homology herein contains both 
polynucleotide having the homology and complementary strand 
polynucleotide. 

The method for detecting genes as described above is not only used for 
confirmation about whether or not the DNA is incorporated in the 
transformant, but also used as a means to confirm the presence of Rf gene in 
the individual where the introduction of Rf gene is attempted due to breeding. 
If using this method, when the Rf gene is introduced into a cytoplasmic male 
sterile individual, it is possible to confirm the presence of the Rf gene before 
blooming. Further, when the Rf gene is introduced into an individual having 
normal cytoplasm, the fertility of the next generation individual, which was 
obtained by breeding pollen at the time of blooming to the cytoplasmic male 
sterile individual, has to be confirmed; however, the presence of the Rf gene 
can be confirmed before this stage by using this method. This utilization 
method is generally referred to as utilization of marker DNA or marker DNA 
breeding. In the case of Rf gene, utilization as a marker DNA (Rf marker) of 
the Rf gene can be considered. The Rf marker, as described above, is 
important using a plant where the Rf gene is introduced by breeding, which 
is the recombinant where the DNA is introduced or non-recombinant, and 
breeding the practical variety. 
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Furthermore, in order to confirm whether or not the introduced DNA 
functions as the Rf gene, it is also possible to confirm the fertility restoration 
of the transformant; however, this can be conducted using the method 
mentioned below. 

As described above, the Rf gene restores the fertility of a plant by 
reducing the accumulation within the mitochondria of ORF125 or ORF138, 
which is a cms causal protein. Therefore, in the mitochondria of the 
transformant, whether or not the introduced gene is the Rf gene can be 
confirmed by confirming the reduction in the accumulation of ORF125 or 
ORF138. 

The method to confirm the reduction in accumulation of ORF125 or 
ORF138 protein in the mitochondria is a method to confirm that when 
ORF125 or ORF138 protein is detected using the Western blotting method in 
accordance with the conditions described in this specification, a signal 
amount of an antibody to the mitochondria genome- derived protein to be used 
as an internal standard, for example, anti-FrFoATPase (hereafter, 
abbreviated as ATPA) described in N. Koizuka, et al. Theor Appl Genet, 100: 
949-955, 2000 is equal to the cytoplasmic male sterile individual and the 
transformed individual where the DNA is introduced to a fertility restoration 
individual or cytoplasmic male sterile individual, and, the accumulation in 
the transformed individual where the DNA is introduced into the fertility 
restored individual or the cytoplasmic male sterile individual is reduced by 
50 % or more, preferably 60 % or more, and further preferably 80 % or more, 
compared to the accumulation of ORF125 or ORF138 protein in the 
cytoplasmic male sterile individual. 

In actuality, it is observed that in buds of cytoplasmic male sterile 
radish having ORF125, when the fertility restoring gene Rf is introduced, the 
accumulation of ORF125 protein is drastically decreased, and it is hardly 
detected. Further, regarding rapeseed, in the buds of the fertility restored 
rapeseed where the fertility restoring gene is introduced into the cytoplasmic 
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male sterile rapeseed having cytoplasm ORF125 due to breeding; it is 
observed that the accumulation of ORF125 protein is reduced by 80 % or 
more. Further, even in embodiments, in the buds of transformed rapeseed 
where the DNA is introduced to the cytoplasmic male sterile individual, it is 
also observed that the accumulation of ORF125 protein is reduced by 80 % or 
more. 

Furthermore, the antibody to ORF125 or ORF138 protein in the 
method can be obtained by using the general technique as described below. 
In other words, antiserum can be obtained by immunizing these proteins to 
animals as an antibody, and an immune globulin G antibody can be purified 
by using an affinity column where protein A is combined. An antigen to be 
used can be obtained by purifying proteins from expressed cytoplasmic male 
sterile plants or cultured cells thereof using a usual method. Further, this 
antigen can be obtained by connecting ORF125 or ORF138 gene to the 
expression vector for expressing in Escherichia coli or ferment and by 
similarly purifying. In addition, peptide where the entire length or a part of 
ORF125 or ORF138 is chemically synthesized can be used as an antigen. The 
antibody to ATPA can also be obtained using a similar technique. 

In addition, a new hybrid seed production system that does not require 
any male sterility maintainer line (maintainer line) [sic], which is necessary 
for the hybrid seed production, can be produced by specifically and 
temporarily controlling the expression of the DNA of the present invention, 
by introducing a part of or all of genes of the present invention along with an 
induced promoter into cells having cms cytoplasm and having the DNA of the 
present invention. 

In other words, the cms line rapeseed is normally sterile, in order to 
proliferate and maintain the cms line, a maintainer line where cms and Rf do 
not participate is separately required, and conventionally, three lines of 
plants, Rf line, cms line and maintainer line, are required for the purpose of 
production of hybrid seeds! however, because the Rf gene is isolated and 
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identified according to the present invention, on the occasion of the hybrid 
production, the cms line that enables proliferation and maintenance without 
the maintainer line can be structured by inducing a promoter by a chemical 
substance and using a method for controlling the expression of restoring 
genes. 

Specifically, a part of or an entire length of the gene of the present 
invention is incorporated into a promoter induced from the outside, for 
example, a vector having a promoter with drug sensitivity in an antisense or 
sense direction, and cells having the cms cytoplasm and having the DNA of 
the present invention are transformed using the vector. 

As the cells having the cms cytoplasm and having the DNA of the 
present invention, not only cells having the cms cytoplasm are transformed 
by the DNA of the present invention in accordance with the above-mentioned 
method, but cells obtained by breeding the cms line and the Rf line are also 
usable. 

As the inducible promoter, for example, it is known in Japanese 
Unexamined Patent Application H6-46697, and as a method for vector 
production and transformation, the similar techniques can be exemplified. 

Since the transformant, which is a cell having the cms cytoplasm 
obtained by the above-mentioned method and having the DNA of the present 
invention, and where a part or entire DNA of the present invention is 
incorporated along with the inducible promoter, normally does not induce a 
promoter, the plant shows fertility because of the originally existing Rf genes 
and the line can be maintained by self-pollinating; however, on the occasion 
of hybrid production, if a chemical substance having a capability to induce a 
promoter acts on this plant and the promoter is induced, the expression of the 
Rf gene is inhibited. Because of this action, the plant becomes male sterile, 
and this can be used as the cms line at the time of hybrid seed production. 

Therefore, if this method is used, since proliferation and maintenance 
can be conducted by self-pollinating even with the cms line, the maintainer 



48 



WO 02/088179 



PCT/JP02/04092 



line is no longer required even though three lines used to be conventionally 
required for the production of hybrid seeds; therefore, it becomes possible to 
drastically reduce the production cost. 

Furthermore, the details disclosed in each specification of Japanese 
Patent Application 2001-12800, Japanese Patent Application 2001-202082 
and Japanese Patent Application 2001-20083, which are basis of the claim of 
priority of the present application, shall be all disclosed in the present 
specification by citation. 

Hereafter, embodiments will be described in further detail; however, 
the present invention shall not be limited to these embodiments. 

Embodiment 

Embodiment l: Isolation of DNA marker linked to cytoplasmic male sterility 
restoring gene and preparation of genome map 

In order to an isolate fertility restoring gene (Rf gene), first, it is 
necessary to isolate the DNA marker positioned in the vicinity of the Rf gene 
and to prepare a genome map showing the gene distance relationship 
between this DNA marker and the Rf gene. As a starting point, positional 
cloning of the Rf region was conducted. 

For the DNA marker isolation method, AFLP was conducted in 
accordance with an AFLP analysis system I AFLP starter primer kit, based 
upon the AFLP (amplified fragment length polymorphism) method (Nucleic 
Acids Research, 1995, Vol.23, No.21 4407-4414). As materials to measure the 
genetic distance from the marker, approximately 2,100 individuals of F2 
aggregation obtained by self-pollinating eight individuals of radish Fl 
generation, which were [obtained] by breeding one individual of cms line 
kosena radish (Raphanus sativus cv. Kosena) ((KC2/KAl)-l) and one 
individual (yuan 10-3) of Rf line Yuanhong radish (Raphanus sativus cv. 
Yuanhong) in accordance with the method described in N. Koizuka, et al. 
Theor Appl Genet, 100:949-955 2000, were used. As a result, five markers 
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linked to the positions separated at 0.2 to 0.3 cM of genetic distance at both 
sides so as to interpose the Rf gene were isolated. A genome map showing 
the genetic distance between the DNA marker and the Rf gene is shown in 
Fig. 1, respectively. 

Embodiment 2- Preparation of contig based upon genome map and analysis 
of Rf gene 

Following the preparation of the genome map, it is necessary to clone 
the genome DNA corresponding to the position, and to connect the DNA 
markers interposing the Rf gene. Herein, since the distance between the 
DNA marker and the Rf gene is apart, the contig of the Rf gene region to 
cover in between the DNA markers was prepared by connecting multiple 
clones having the genome DNA fragments. 

An aggregation of clones having genome DNA fragments is referred to 
as a genomic library, and we prepared two types of libraries. As a DNA 
donor, the genome DNA was prepared using the CTAB method (Murray, M. 
G. and Thompson, W. F. (1980) Nucleic Acids Res., 8, 4321) with Yuanhong 
radish (Raphanus sativus cv. Yuanhong), which is the same as a parent of the 
restoration line utilized at the time of production of F2 aggregation. For the 
library, a lambda pharge library with 20 kb of average length and 1.5 x 10 5 of 
the number of aggregations was prepared using a ADASHII vector 
(manufactured by STRATAGENE) as a lambda vector. Further, a cosmid 
library with 40 kb of average length and 5.5 x 10 4 of the number of 
aggregations was prepared using a pWEB-TNC vector (manufactured by 
EPICENTRE TECHNOLOGIES) as a cosmid vector. 

For the contig production, first, lambda clones were isolated from the 
prepared lambda library using the DNA markers positioned at both sides of 
the Rf gene as indexes, using the plaque hybridization method. Further, the 
cosmid clones were isolated from the cosmid library using the colony 
hybridization method, and the contig to cover in between the DNA markers 
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at both sides as shown in Fig. 1 was completed. The cosmid clones NIT7/2 
and T03-2 comprising a part of the contig determined the base sequences by 
a conventional method. 

Subsequently, the base sequences of the cosmid clones NIT7/2 and 
T03-2 comprising a part of the contig were analyzed using "Genscan" 
(manufactured by Mitsubishi Space Software), by taking a parameter to 
Arabidopsis whose all genomes have been recently determined into 
consideration, because the genome DNA sequences are similar to those of 
radish. As a result, a promoter portion where the Rf gene seems to be 
expressed, a structural gene portion containing intron, and a terminator 
portion were discovered. In addition, the genes in the form to be translated 
into protein where intron is removed and the amino acid sequence to the 
genes were obtained. 

Embodiment 3: Sub-cloning of genomic DNA region 

Hpal-Swal fragments of DNA comprising 1 to 8,553 base sequences 
described in SEQ ID NO 1 sufficiently containing the terminator from the 
promoter assumed by "Genscan" were separated from the vector by gel 
electrophoresis using agarose for fragment collection (manufactured by FMC). 
A gel containing DNA fragments was digested by the gel degrading enzyme 
(manufactured by Epicentre Technologies), and DNA was collected. In 
addition, cloning fragments where the obtained fragments were cut by a 
restriction enzyme BamHI were obtained. These DNA fragments were sub- 
cloned to a pGEM-T easy vector (manufactured by Promega), and 
cds6BT/pGEM-T easy [vector] was obtained. Hereafter, details will be 
described. 

Addition of 1 ug of NIT7/2 cosmid DNA and 10 units of restriction 
enzyme Hpal (manufactured by Takara Shuzo) into 100 pi of lxK restriction 
enzyme buffer solution (20 mM Tris-HCl (pH8.5), 10 mM MgCl 2 , 1 mM 
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dithiothreitol and 100 mM KC1) was conducted, and the mixture was heated 
for 1 hour at 37 degrees C. 

After heating, after 10 pi of 3M sodium acetate (pH 5.6) and 250 pi of 
ethanol were added and agitated, the mixture was cooled down at -80 degrees 
C for 5 minutes, and this was centrifuged at 15,000 rpm and 4 degrees C for 
15 minutes. A supernatant is removed, and the precipitation was dried for 5 
minutes using a centrifugal vacuum drier. Addition of 89 pi of sterilized 
water into the collected DNA precipitation was conducted and the 
precipitation was dissolved. 

Addition of 10 pi 10xH restriction enzyme buffer solution (500 mM 
Tris-HCl (pH 7.5), 100 mM MgCl 2 , 10 mM dithiothreitol and 1000 mM NaCl), 
1 pi of 10 unit/pl restriction enzyme Swal (manufactured by Takara Shuzo) 
into the dissolved DNA solution was conducted, and [the mixture] was heated 
at 25 degrees C for 1 hour. Addition of 11 pi of lOx loading buffer solution 
(l % SDS, 50 % Glycetrol and 0.05 % Bromophenol Blue) was conducted. 

After mixing 1.2 g of low melting-point agarose, SeaPlaqueGTG 
agarose (manufactured by FMC) and 150 ml of 1 x TAE (40 mM Tris-acetate, 
1 mM EDTA) buffer solution, [the mixture] was heated to 100 degrees C and 
agarose was dissolved, and it was cooled down to 45 degrees C while agitating. 
A comb with 30 mm of width x 1 mm of thickness was placed on a gel tray of 
14 cm x 15 cm, and the cooled gel was poured into the gel tray and the gel 
was hardened. The DNA where loading dye was added was poured into the 
gel comb, and electrophoresis was conducted at 1 x TAE and 30 V/30 cm of 
voltage for 18 hours. 

The electrophoresis gel was transferred into a 0.5 pg/ml ethidium 
bromide/ 1 x TAE solution, and dyeing was conducted. The gel was placed on 
a transilluminator where 365 nm of long-wave ultraviolet rays was irradiated, 
and target 8,546 bp of fragments were cut using a sterilized surgical knife. 
In addition, the gel was chopped to be approximately 1 mm square of 
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fragments, and transferred into pre-weighed 2 ml microtube, and the gel was 
weighed. 

Addition of 1 pi of 50x GELase buffer (2M Bis-Tris (pH6.0), 2M NaCl) 
into 50 mg of gel was conducted. The tube containing the gel was placed into 
a dry heat block heated to 68 degrees C; the tube was sometimes agitated up 
and down; the gel was heated for 10 minutes and was completely dissolved. 
This tube was transferred to a dry heat block at 45 degrees C, and the tube 
was sometimes agitated up and down, and the gel was heated for 5 minutes. 
Addition of 1 unit of GELase (manufactured by Epicentre Technologies) into 
200 mg of gel weight in this tube was conducted, and the tube was sometimes 
agitated up and down and the gel was heated for 30 minutes. 

Addition of 1/3 of gel volume of 10M ammonium acetate (pH 7.0) was 
conducted and [the tube] was agitated, and centrifuge was conducted at 
15,000 rpm for 5 minutes. The supernatant was transferred to a new 2-ml 
microtube, and 2 volumes of ethanol were added to the supernatant. After 
the tube was agitated, it was centrifuged at 15,000 rpm and 4 degrees C for 
20 minutes. The supernatant was removed, and 1 ml of 70 % ethanol was 
further added quietly, and it was centrifuged at 15,000 rpm and 4 degrees C 
for 5 minutes. The supernatant was removed, and the precipitation was 
dried for 5 minutes using a centrifugal vacuum drier. Addition of 20 pi of TE 
buffer solution (10 mM Tris-HCl (pH 8.0), 1 mM EDTA) into the precipitation 
was conducted, and the precipitation was completely dissolved, and the DNA 
fragments were collected. 

Addition of 10 pi of 10xK restriction enzyme buffer solution (200 mM 
Tris-HCl (pH 8.5), 100 mM MgCl 2 , 10 mM dithiothreitol, 1,000 mM KC1), 68 
pi of dH20, 2 pi of 10 unit/pl restriction enzyme BamHI (manufactured by 
Takara Shuzo) into the collected 20 pi of DNA solution was conducted, and 
the mixture was heated at 30 degrees C for 1 hour. After heating, 10 pi of 3M 
sodium acetate (pH 5.6) and 250 pi of ethanol were added and agitated, and 
then, the mixture was cooled at -80 degrees C for 5 minutes and centrifuged 
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at 15,000 rpm and 4 degrees C for 15 minutes. The supernatant was 
removed, and 1 ml of 70 % ethanol was further added quietly, and then, the 
mixture was centrifuged at 15,000 rpm and 4 degrees C for 5 minutes. The 
supernatant was removed, and the precipitation was dried for 5 minutes 
using the centrifugal vacuum drier. Addition of 20 pi of sterilized water to 
the collected DNA precipitation, and the precipitation was dissolved. After 
55 pi of sterilized water, 10 pi of 10 % PCR buffer solution (100 mM Tris-HCl 
(pH 8.3), 500mM KC1), 6 pi of 25 mM MgCl 2 , 8 pi of 2.5 mM dNTP mix and 1 
pi of 5 unit/pl rTaq DNA polymerase (manufactured by Takara Shuzo) and 
the mixture was mixed, it was heated at 72 degrees C for 30 minutes and 
dATP was added to 3' terminal. 

The reaction liquid was transferred to an ultrafiltration filter unit: 
Microcon-50 (manufactured by Millipore), and the reaction liquid was 
centrifuged at 5,000 rpm and 4 degrees C for 20 minutes. Water in the trap 
was disposed and 100 pi of sterilized water was added, and the mixture was 
centrifuged at 5,000 rpm and 4 degrees C for 20 minutes. Addition of 20 pi of 
TE buffer solution (10 mM Tris-HCl (pH 8.0) and 1 mM EDTA) was 
conducted, and the filter unit was removed and the posture was changed 
upside down, and it was mounted to a new microtube. The microtube was 
centrifuged at 3,000 rpm and 4 degrees C for 5 minutes. 

After 1 pi of 50 ng/pl pGEM-T easy vector (manufactured by Promega) 
and 6 pi of DNA Ligation Kit Ver.2 (manufactured by Takara Shuzo) solution 
I were mixed into 5 pi of purified DNA obtained by the above-mentioned 
method, the mixture was incubated at 16 degrees C for 30 minutes. 

The reaction liquid was transferred to the ultrafiltration filter unit: 
Microcon-50 (manufactured by Millipore) along with 100 pi of sterilized water, 
and the filter unit was centrifuged at 5,000 rpm and 4 degrees C for 20 
minutes. Water in the trap was disposed and 100 pi of sterilized water was 
added again, and the filter unit was centrifuged at 5,000 rpm and 4 degrees C 
for 20 minutes. The filter unit was removed and the posture was changed 
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upside down, and it was mounted to a new microtube. The microtube was 
centrifuged at 3,000 rpm and 4 degrees C for 5 minutes, and DNA in the filter 
unit was collected. 

The collected DNA was set up together with the tube on the ice and 
cooled. Placement of 30 pi of Escherichia coli DH10B for electroporation 
(manufactured by Gibco BRL) into a tube was conducted, and the tube was 
slightly mixed. The Escherichia coli mixed with DNA was transferred to a 
pre-iced cuvette for electroporation (l mm of electrode intervals) 
(manufactured by USA Scientific Plastics). Electroporation was conducted 
under 1.25 kv, 129 Q, and 50 pF of conditions using Electro Cell Manipulator 
600 (manufactured by BTX), and immediately after that, 500 pi of SOC 
culture medium (manufactured by Gibco BRL) warmed to 37 degrees C was 
added to the cuvette. The Escherichia coli were transferred to a 10-ml 
culturing tube, and it was shaken & cultured at 37 degrees C for 1 hour. The 
cultured Escherichia coli were spread to a LB agar medium (1 % Bacto- 
Tryptone, 0.5 % Bacto-Yeast Extract, 1 % NaCl and 1.5 % Bacto-Agar) where 
100 pg/ml of Ampiciline (manufactured by Waco Pure Chemical Industries), 
20 pg/ml X-Gal (manufactured by Takara Shuzo) and 1 mM IPTG 
(manufactured by Takara Shuzo), and it was cultured at 37 degrees C for 18 
hours or longer. 

A white colony appeared on the agar medium and it was cultured on 2 
ml of the LB culture medium where 100 pg/ml of Ampicillin was added at 37 
degrees C for 18 hours or longer. Plasmid DNA was extracted from the 
cultured Escherichia coli using a usual method. It was confirmed that target 
fragments were cloned in the plasmid DNA via cutting with a restriction 
enzyme EcoRI (manufactured by Takara Shuzo), and cds6BT/pGEM-T easy 
[vectors] were obtained. 

Each of Escherichia coli DH10B where cds6BT/pGEM-T easy [vectors] 
obtained using the above-mentioned method was maintained was cultured on 
100 ml of the LB agar medium where 100 pg/ml Ampicillin was added at 37 
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degrees C for 18 hours. According to the alkali SDS method, the culture was 
purified using a Qiagen Midi kit (manufactured by Qiagen). 

Embodiment 4-1- Production of vector for plant transformation (l) 

After cds6BT/pGEM-Teasy [vectors] were cut by the restriction enzyme 
EcoRI, they were separated from a vector by the gel electrophoresis using 
agarose for fragment collection, and the collected DNA fragments were cloned 
to the EcoRI section of vector pKM424 for plant transformation (a vector 
where fragments of CaMV35S promoter: GUS gene: NOS terminator were 
added is pLAN421 (Plant Cell Reports 10 (1991) 286-290 vector), and a vector 
for plant transformation cds6BT/pKM424 were obtained. Hereafter, details 
will be described. 

Addition of 1 ug of cds6BT/pGEM>T easy DNA and 10 units of 
restriction EcoRI (manufactured by Takara Shuzo) into 100 ul of lxH 
restriction enzyme buffer solution (50 mM Tris-HCl (pH 7.5), 10 mM MgCb, 1 
raM dithiothreitol and 100 mM NaCl) was conducted, and the mixture was 
heated at 37 degrees C for 1 hour. 

Hereafter, the EcoRI fragments containing cds6BT were separated and 
collected from cds6BT/pGEM-T easy using the similar method where the 
HpaPSwal fragments were extracted. 

Addition of 1 ug of vector for plant transformation pKM424 and 10 
units of restriction enzyme EcoRI (manufactured by Takara Shuzo) into 100 
pi of lxH restriction enzyme buffer solution (50 mM Tris-HCl (pH 7.5), 10 
mM MgCl 2 , 1 mM dithiothreitol and 100 mM NaCl) was conducted, and the 
mixture was heated at 37 degrees C for 1 hour. After heating, 100 pi of 1M 
Tris-HCl (pH 8.0) and 1 unit of Bacterial Alkaline Phosphatase 
(manufactured by Takara Shuzo) were added and mixed, and then, the 
mixture was heated at 50 degrees C for 1 hour and dephosphorylated. 

Phenol chloroform saturated with 200 pi of TE buffer solution (10 mM 
Tris-HCl (pH 8.0) and 1 mM EDTA) was added, and the mixture was 
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intensely agitated. After centrifuging at 15,000 rpm for 5 minutes, the 
supernatant was transferred to a new tube. The similar operation was 
repeated once more, and a protein was removed. After 20 pi of 3M sodium 
acetate (pH 5.6) and 500 pi of ethanol were added and agitated, the mixture 
was cooled at -80 degrees C for 5 minutes and centrifuged at 15,000 rpm and 
4 degrees for 15 minutes. The supernatant was removed, and 1 ml of 70 % 
ethanol was further added, and the mixture was centrifuged at 15,000 rpm 
and 4 degrees C for 5 minutes. The supernatant was removed, and the 
precipitation was dried for 5 minutes using a centrifugal vacuum drier. 
Addition of 100 pi of TE buffer solution (10 mM Tris-HCl (pH 8.0) and 1 mM 
EDTA) into the precipitation was conducted and the precipitation was 
completely dissolved, and the concentration was adjusted to 10 ng/pl. 

After 10 pi of purified EcoRI fragments, 1 pi of dephosphorylated 
pKM424 vector and 11 pi of DNA ligation Kit Ver.2 (manufactured by Takara 
Shuzo) solution were mixed, the mixture was incubated at 16 degrees C for 
30 minutes. 

The above-mentioned reaction liquid was transferred to the 

ultrafiltration filter unit: Microcon-50 (manufactured by Millipore) 
along with 100 pi of sterilized water, and the mixture was centrifuged at 
5,000 rpm and 4 degrees C for 20 minutes. Water in a trap was disposd and 
100 pi of sterilized water was added again, and the mixture was centrifuged 
at 5,000 rpm and 4 degrees C for 20 minutes. The filter unit was removed, 
and the posture was changed upside down and mounted to a new microtube. 

The mixture was centrifuged at 3,000 rpm and 4 degrees C for 5 
minutes, and DNA in the filter unit was collected. 

The collected DNA was set up together with the tube on the ice and 
cooled. Placement of 30 pi of Escherichia coli DH10B for electroporation 
(manufactured by Gibco BRL) into a tube was conducted, and the tube was 
slightly mixed. The Escherichia coli mixed with DNA were transferred to a 
pre-iced cuvette for electroporation (l mm of electrode intervals) 
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(manufactured by USA Scientific Plastics). Electroporation was conducted 
under 1.25 kv, 129 Q, and 50 uF of conditions using Electro Cell Manipulator 
600 (manufactured by BTX), and immediately after that, 500 pi of SOC 
culture medium (manufactured by Gibco BRL) warmed to 37 degrees C was 
added to the cuvette. The Escherichia coli were transferred to a 10-ml 
culturing tube, and it was shaken & cultured at 37 degrees C for 1 hour. The 
cultured Escherichia coli was spread to a LB agar medium (l % Bacto- 
Tryptone, 0.5 % Bacto-Yeast Extract, 1 % NaCl and 1.5 % Bacto-Agar) where 
50 pg/ml of Spectinomycin (manufactured by Sigma) was added, and it was 
cultured at 37 degrees C for 18 hours or longer. 

A white colony appeared on the agar medium and it was cultured on 2 
ml of the LB culture medium where 50 pg/ml of Spectinomycin was added at 
37 degrees C for 18 hours or longer. Plasmid DNA was extracted from the 
cultured Escherichia coli using a usual method. It was confirmed that target 
fragments were cloned in the plasmid DNA via cutting with a restriction 
enzyme Hindlll (manufactured by Takara Shuzo), and cds6BT/pKM424 were 
obtained. 

Escherichia coli DH10B where cds6BT/pKM424 were maintained using the 
above-mentioned method were cultured on 250 ml of the LB agar medium 
where 50 pg/ml Spectinomycin was added at 37 degrees C for 18 hours. 
According to the alkali SDS method, the culture was purified using a Qiagen 
Midi kit (manufactured by Qiagen). 

Embodiment 4-2: Production of vector for plant transformation (2) 
After lambda clone CHI (see Fig. 2, cloning fragment length: 
approximately 17 kb) where the base sequences described in SEQ ID NO 1 
were sufficiently maintained was cut by the restriction enzyme NotI 
(manufactured by Takara Shuzo) existing in the multiple cloning sections, it 
was separated from a vector by the gel electrophoresis using agarose for 
fragment collection, and the collected DNA fragments were cloned to the NotI 
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section of vector pBIGRZ2 for plant transformation (Bioscience and Industry 
55 (1997) 37-39), and a vector for plant transformation CHI/pBIGRZ2 was 
obtained. Hereafter, details will be described. 

Addition of 1 pg of lambda clone CHI DNA and 10 units of restriction 
NotI (manufactured by Takara Shuzo) into 100 pi of lxH restriction enzyme 
buffer solution (50 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM dithiothreitol, 
100 mM NaCl, 0.01 % BSA and 0.01 % TritonX-100) was conducted, and the 
mixture was heated at 37 degrees C for 1 hour. Hereafter, the NotI 
fragments of the lambda clone CHI were separated and collected using the 
similar method where the Hpal-Swal fragments were extracted. 

Addition of 1 pg of vector for plant transformation pBIGRZ2 and 10 
units of restriction enzyme NotI (manufactured by Takara Shuzo) into 100 pi 
of lxH restriction enzyme buffer solution (50 mM Tris-HCl (pH7.5), 10 mM 
MgCl 2 , 1 mM dithiothreitol, 100 mM NaCl, 0.01 % BSA and 0.01 % TritonX- 
100) was conducted, and the mixture was heated at 37 degrees C for 1 hour. 
After heating, 100 pi of 1M Tris-HCl (pH 8.0) and 1 unit of Bacterial Alkaline 
Phosphatase (manufactured by Takara Shuzo) were added and mixed, and 
then, the mixture was heated at 50 degrees C for 1 hour and 
dephosphorylated. 

Phenol chloroform saturated with 200 pi of TE buffer solution (10 mM 
Tris-HCl (pH 8.0) and 1 mM EDTA) was added, and the mixture was 
intensely agitated. After centrifuging at 15,000 rpm for 5 minutes, the 
supernatant was transferred to a new tube. The similar operation was 
repeated once more, and a protein was removed. After 20 pi of 3M sodium 
acetate (pH 5.6) and 500 pi of ethanol were added and agitated, the mixture 
was cooled at -80 degrees C for 5 minutes and centrifuged at 15,000 rpm and 
4 degrees for 15 minutes. The supernatant was removed, and 1 ml of 70 % 
ethanol was further added, and the mixture was centrifuged at 15,000 rpm 
and 4 degrees C for 5 minutes. The supernatant was removed, and the 
precipitation was dried for 5 minutes using a centrifugal vacuum drier. 



59 



WO 02/088179 



PCT/JP02/04092 



Addition of 100 pi of TE buffer solution (10 mM Tris-HCl (pH8.0) and 1 mM 
EDTA) to the precipitation was conducted and the precipitation was 
completely dissolved, and the concentration was adjusted to 10 ng/ul. 

After 10 pi of purified NotI fragments, 1 pi of dephosphorylated 
pBIGRZ2 vector and 11 pi of DNA ligation Kit Ver.2 (manufactured by 
Takara Shuzo) solution I were mixed, the mixture was incubated at 16 
degrees C for 30 minutes. 

The above-mentioned reaction liquid was transferred to the 

ultrafiltration filter unit: Microcon-50 (manufactured by Millipore) 
along with 100 pi of sterilized water, and the mixture was centrifuged at 
5,000 rpm and 4 degrees C for 20 minutes. Water in a trap was disposed and 
100 pi of sterilized water was added again, and the mixture was centrifuged 
at 5,000 rpm and 4 degrees C for 20 minutes. The filter unit was removed, 
and the posture was changed upside down and mounted to a new microtube. 
The mixture was centrifuged at 3,000 rpm and 4 degrees C for 5 minutes, and 
DNA in the filter unit was collected. 

The collected DNA was set up together with the tube on the ice and 
cooled. Placement of 30 pi of Escherichia coli DH10B for electroporation 
(manufactured by Gibco BRL) into a tube was conducted, and the tube was 
slightly mixed. The Escherichia coli mixed with DNA were transferred to a 
pre-iced cuvette for electroporation (l mm of electrode intervals) 
(manufactured by USA Scientific Plastics). Electroporation was conducted 
under 1.25 kv, 129 Q, and 50 pF of conditions using Electro Cell Manipulator 
600 (manufactured by BTX), and immediately after that, 500 pi of SOC 
culture medium (manufactured by Gibco BRL) warmed to 37 degrees C was 
added to the cuvette. The Escherichia coli were transferred to a 10-ml 
culturing tube, and it was shaken & cultured at 37 degrees C for 1 hour. The 
cultured Escherichia coli were spread to a LB agar medium (l % Bacto- 
Tryptone, 0.5 % Bacto-Yeast Extract, 1 % NaCl, 1.5 % Bacto-Agar) where 25 
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ug/ml of Kanamycin (manufactured by Wako Pure Chemical Industries) was 
added, and they were cultured at 37 degrees C for 18 hours or longer. 

A colony appeared on the agar medium and it was cultured on 2 ml of 
the LB culture medium where 25 ug/ml of kanamycin was added at 37 
degrees C for 18 hours or longer. Plasmid DNA was extracted from the 
cultured Escherichia coli using a usual method. It was confirmed that target 
fragments were cloned in the plasmid DNA via cutting with a restriction 
enzyme Hindlll (manufactured by Takara Shuzo), and CHI/pBIGRZ2 was 
obtained. 

Escherichia coli DH10B where CHI/pBIGRZ2 obtained using the 
above-mentioned method were maintained were cultured on 250 ml of the LB 
agar medium where 25 ug/ml kanamycin was added at 37 degrees C for 18 
hours. According to the alkali SDS method, the culture was purified using a 
Qiagen Midi kit (manufactured by Qiagen). 

Embodiment 5: Introduction of Agrobacterium to vector for plant 
transformation 

Competent cells of Agrobacterium were prepared, and the 
cds6BT/pKM424 vectors and the CHI/pBIGRZ2 vectors obtained in 
Embodiments 4-1 and 4-2 were introduced into the prepared Agrobacterium 
EHA101 for plant transformation, respectively. Hereafter, the details will be 
described. 

The competent cells for electroporation of Agrobacterium EHA101 were 
prepared using the method mentioned below. Agrobacterium EHA101 was 
streaked over the LB agar culture medium where 50 ug/ml kanamycin 
(manufactured by Wako Pure Chemical Industries) and 25 ug/ml 
Chloramphenicol (manufactured by Wako Pure Chemical Industries), and 
[Agrobacterium EHA101] was cultured at 28 degrees for 24 hours or longer, 
and a single colony was obtained. The LB culture medium where 50 ug/ml 
kanamycin and 25 ug/ml Chloramphenicol were added was placed into a 50- 
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ml centrifuging tube and a colony with approximately 1 mm of diameter was 
inoculated, and the centrifuging tube was shaken and cultured at 28 degrees 
C for 40 hours. The culture solution was centrifuged at l,500xg and 4 
degrees C, and harvest was conducted. Placement of 40 ml of iced sterilized 
10 % glycerol to the tube where the supernatant was removed was conducted 
and a fungus body was re- suspended, and the tube was centrifuged and 
harvested at 1,500 x g and 4 degrees C. This operation was repeated twice. 
Addition of 500 pi of iced sterilized 10 % glycerol into the obtained fungus 
body was conducted, and the mixture was re-suspended. Divided injection of 
100 pi each of fungus body into the sterilized microtubes was conducted, and 
after these were frozen with liquid nitrogen, they were stored in an 80- 
degrees C freezer. 

The competent cells for electroporation of Agrobacterium EHA101 were 
melted on iced water. Placement of 40 pi of electrocompetent cells into pre- 
cooled 1.5 ml tube was conducted, and 100 ng of cds6BT/pKM424 or 
CHI/pBIGRZ2 plasmid DNA was added and slightly mixed. 

Agrobacterium mixed with DNA was transferred to a pre-iced cuvette 
(manufactured by USA Scientific Plastics) for electroporation (electrode 
intervals: 1 mm). Electroporation was conducted under conditions of 1.44 kv, 
129 Q and 50 pF using Electro Cell Manipulator 600 (manufactured by BTX), 
and immediately after that, 500 pi of SOC culture medium (manufactured by 
Gibco BRL) was added. Agrobacterium was transferred to a 10-ml culturing 
tube, and the tube was shaken and cultured at 30 degrees C for 1 hour. 

Cultured Agrobacterium where a cds6BT/pKM424 were introduced 
was spread over the LB agar culture medium (l % Bacto-Tryptone, 0.5 % 
Bacto- Yeast Extract, 1 % NaCl and 1.5 % Bacto-Agar) where 50 pg/ml 
kanamycin (manufactured by Wako Pure Chemical Industries), 25 pg/ml 
Chloramphenicol (manufactured by Wako Pure Chemical Industries), 50 
pg/ml Spectinomycin (manufactured by Sigma) and 2.5pg/ml Tetracycline 
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(manufactured by Sigma) were added, and it was cultured at 28 degrees C for 
24 hours or longer. 

Cultured Agrobacterium where a CHI/pBIGRZ2 vectors were 
introduced was spread over the LB agar culture medium where 50 ug/ml 
kanamycin (manufactured by Wako Pure Chemical Industries), 25 ug/ml 
Chloramphenicol (manufactured by Wako Pure Chemical Industries) and 30 
ug/ml Hygromycin (manufactured by Sigma) were added, and it was cultured 
at 28 degrees C for 24 hours or longer. 

A colony appeared on the agar culture medium and it was cultured on 
2 ml of LB culture medium where antibiotics adapted to each vector were 
added at 30 degrees C for 24 hours or longer. Plasmid DNA was extracted 
from the cultured Agrobacterium using a usual method, and it was confirmed 
that cds6BT/pKM424 vectors or CHI/pBIGRZ2 vectors were introduced by 
cutting with the restriction enzyme Hindlll (manufactured by Takara Shuzo). 
For the confirmed clones, after an equal amount of sterilized 80 % glycerol 
was added to the culture solution, which was cultured for 24 hours, and they 
were mixed; they were stored at -80 degrees C and used for rapeseed 
transformation. 

Embodiment 6: Production of rapeseed transformant 

The transformation to rapeseed was conducted as follows: CMS 
rapeseed (SW18) seeds having radish-derived cms causal genes ORF125 were 
sterilized with a 10 % hydrochlorous acid solution, and they were sprouted on 
the MS culture medium (T. Murashige and F. Skoog Physiol. Plant. 15^485, 
1962) not containing hormone. Only hypocotyl parts were cut off from 
seedling where 7 days to 14 days passed after sprout, they were cut into 3 to 
5 mm of length, and they were pre-cultured on the MS culture medium 
(M5519 provided by Sigma) + 3 % sucrose + 1 mg/1 2.4-D and 0.4 % agarose 
(Sigma, type I) at 23 degrees C for 12 to 16 hours. At this time, for the 
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protection culture, cocultivation with tobacco-derived cell line BY-2 was 
conducted. 

In the meantime, Agrobacterium containing CHI/pBIGRZ2 was 
cultured at 28 degrees C for 8 to 48 hours, and was proliferated to 
approximately ODeoo = 1.0. The fungus body of Agrobacterium was 
suspended in a liquid MS hormone-free culture medium. The cut hypocotyl 
and this Agrobacterium solution were mixed, and the mixture was 
cocultivated for approximately 20 minutes. After the cocultivation, the 
hypocotyl where Agrobacterium was removed with a paper filter was cultured, 
for example, in a culture medium with MS basic culture medium + B5 
vitamin (Sigma, M0404) + 3 % sucrose + 1 mg/1 2,4-D, for 2 days and infected. 
After the infection, the hypocotyl was transplanted to a sterile culture 
medium where an antibiotic : carbenicillin (geopen by Pfizer or carbenicillin 
disodium salts by GIBCOBRL) was added with 500 mg/1 of concentration 
into MS basic culture medium + B5 vitamin + 3 % sucrose + 1 mg/1 2,4-D, and 
Agrobacterium was removed. 

After five days to one week were passed with the above-mentioned 
sterile culture medium, the hypocotyl was added to MS basic culture medium 
+ B5 vitamin + 1 % sucrose + 3mg/l benzylaminopurine + 500mg/l 
carvenicillin, and it was cultured on a culture medium where 5 mg/1 silver 
nitrate and 5 to 30 mg/1 kanamycin for selection (kanamycin sulfate salt, 
Nacalai Tesque) were added, for 14 days to 21 days. At this time, since green 
callus might appear, they were immediately transplanted to a culture 
medium in the next step. 

As the culture medium in the next step, for example, there is a 
selection medium containing MS culture medium (Sigma, M5519) + 1 % 
sucrose + 3 mg/1 benzylaminopurine + 1 mg/1 zeatin + 500 mg/1 carbenicillin + 
5 to 30 mg/1 kanamycin. The hypocotyl where the callus was formed from the 
incision was transplanted to this culture medium and cultured at 23 degrees 
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C for 3 weeks, and then, 3 to 5 times of transplants were repeated every 3 
weeks until the green callus appeared. 

The green callus was cut off from the hypocotyl immediately as soon as 
it was discovered, and it was transferred to the culture medium with the 
same composition. After that, when only green portions were cut off and 
joined, adventitious buds were formed with 1 % to 30 % of probability. After 
the adventitious buds were transferred to B5 basic culture medium (Sigma, 
G5893) + 3 % sucrose + 1 mg/1 benzylaminopurine and cultivated thereafter, 
they were rooted in the culture medium containing MS culture medium 
(Sigma, M5519) + 3 % sucrose + 0.1 mg/1 naphthalene acid + 0.1 mg/1 
benzylaminopurine. 

Embodiment !'■ Analysis of transformant (detection of introduced DNA) 

One leaf was extracted from one transformation individual where buds 
were formed obtained in Embodiment 6, and DNA was isolated using a DNA 
isolation kit (DNeasy plant mini) by QIAGEN. 

Three sections (sections a, b and c) of the introduced DNA fragments 
were detected using the PCR method (results are shown in Fig. 3). The 
section a contains 568bp from 3,186bp to 3,753bp of base sequences in SEQ 
ID NO 1, and [5'-GAAGCAAAAAAGAAAACGAGCAGAG-3l (SEQ ID NO 4) 
and [5'-CCAAAAATCCGAAATCCGAATAGAC-3'] (SEQ ID NO 5) were used 
as a forward primer and a reverse primer, respectively. The section b 
contains 244bp from 4,869bp to 5,112bp of base sequences in SEQ ID NO 1, 
and [5'-CTCGGCTCTGGGTTTAGTGA-3'] (SEQ ID NO 6) and [5'- 
TCCACAAACCCTAGCCAACA-3'] (SEQ ID NO 7) were used as a forward 
primer and a reverse primer, respectively. The section c contains 485bp from 
7,766bp to 8,250bp of base sequences in SEQ ID NO 1, and [5'- 
GCTTATGCTTCTCTGGTTCGCCTC-3'] (SEQ ID NO 8) and [5'- 
CTCAGTTTTCGTCACCTTACACAATGC-3'] (SEQ ID NO 9) were used as a 
forward primer and a reverse primer, respectively. 
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After 12.1 pi of sterilized water, 2 pi of 10 x PCR buffer solution (100 
mM Tris-HCl (pH8.3), 500 mM KC1), 1.2 pi of 25 mM MgCl 2 , 1.6 pi of 2.5 mM 
dNTP mix, 1 pi of 10 pM forward primer solution of each section, 1 pi of 10 
pM reverse primer solution of each section, 0.1 pi of 5 unit/pl rTaq DNA 
polymerase (manufactured by Takara Shuzo) were added to 1 pi of 
transformant DNA solution (50 ng/pl) and mixed, DNA was amplified by 
repeating a cycle of 94 degrees for 40 seconds, 55 degrees C for 30 seconds 
and 72 degrees for 1 minute, 33 times. For a thermal cycler, UNOII 
(manufactured by Biometra) was used. After the reaction was completed, an 
amplified product was confirmed by gel electrophoresis of 4 % Nusive 3:1 
Agarose (manufactured by FMC)/ lxTBE (89 mM Tris-borate, 89 mM boric 
acid, 2 mM EDTA) buffer solution (see Fig. 3). 

As a result, it was ascertained that the section a was not introduced 
into this transformed rapeseed. An amplified product with the same size as 
the positive control was obtained at the remaining two sections (the sections 
b and <?), respectively, and it was confirmed that the DNA was incorporated 
into the transformed rapeseed. 

Embodiment 8: Analysis of transformant (confirmation of decrease in cms 
causal protein ORF125 accumulation) 

One bud from the same individual in Embodiment 7, and a decrease of 
ORF125, which is CMS protein) was analyzed by the Western blotting 
method. The results are shown in Fig. 4. 
(l) Protein extraction from transformed individual: 

The Western blotting method, which is a protein extraction method, 
was conducted based upon the method by N. Koizuka et al. (Theor Appl 
Genet (2000) 100:949-955). 

Specifically, one bud (l mm of length) of the obtained transformed 
rapeseed and 100 pi of iced protein extracted buffer solution (50 mM Tris-HCl 
(pH7.5), 2 % (W/V) SDS) were placed into an iced mortar, and they were 
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ground by a pestle. This liquid was transferred to a micro-centrifugal tube, 
and it was centrifuged at 15,000 rpm and 4 degrees C for 15 minutes. After 
centrifuging, a supernatant solution was transferred to a new micro- 
centrifugal tube, and it was heated at 100 degrees for 5 minutes. The 
supernatant solution was centrifuged at 15,000 rpm and 4 degrees C for 15 
minutes again, and a supernatant solution was transferred to a new micro- 
centrifugal tube, and this solution was regarded as a SDS soluble protein 
solution. The concentration of the SDS soluble protein solution was 
measured using a protein quantitative kit (manufactured by Bkrrad) by a 
Bradford method. Along with this, the SDS soluble protein solution was 
similarly extracted from buds from rapeseed of a cytoplasmic male sterile line 
and rapeseed of fertility restored line, as well, and the concentration was 
measured, respectively. 

(2) Isolation of protein by SDS-PAGE method and transcription to PVDF film: 
Western blotting 

Placement of 15 ug of the SDS soluble protein per lane onto a 10 % 
SDS polyacrylic amide gel with 7 cm x 10 cm square was conducted, and the 
protein was isolated by electrophoresis. In addition, for the purpose of 
comparison of ORF125 protein accumulation, a diluted line of the cytoplasmic 
male sterile line rapeseed was similarly placed and isolated. The 
electrophoresis conditions were for 1 hour with 10 mA and for 1 hour with 15 
mA. After the electrophoresis, the protein in the polyacrylic amide gel was 
transcribed onto a PVDF film (manufactured by Millipore) under the 
condition with 100 mA for 1 hour. 

(3) Detection of protein using antibody: Western blotting 

The PVDF film where the protein was transcribed was divided into 
upper and lower two films, and they were transferred to 10 ml of blocking 
solution (20 mM Tris-HCl (pH 7.5), 500 mM NaCl, 0.05 % Tween20 and 5 % 
skim milk), and they were shaken for 1 hour and blocked. ATPA as a control 
of mitochondria protein mass and ORF125, which is a cytoplasmic male 
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sterility related protein, were detected from the upper PVDF film and the 
lower PVDF film, respectively. The PVDF films were transferred to 10 ml of 
primary antibody reaction liquid (100 pi of ATP A monoclonal antibody was 
added for ATPA detection, and rabbit antiserum to 2 pi of ORF125 was added 
for ORF125 detection into 10 ml of blocking solution (M.Iwabuchi et al. Plant 
Molecular Biology (1999) 39: 183-188)) was conducted, and they were shaken 
for 18 hours. The PVDF films were transferred to 100 ml of TTBS (20 mM 
Tris-HCl (pH 7.5), 500 mM NaCl and 0.05 % Tween20) and shaken for 10 
minutes. This operation was repeated three times, and excess primary 
antibody liquid was washed out. The PVDF films were transferred to 10 ml 
of secondary antibody reaction liquid (goat antimouse IgG (manufactured by 
Amersham) where 10 [d of peroxidase was added for ATPA detection and goat 
antimouse IgG (manufactured by Bkrrad) where 10 ^1 of alkali phosphatase 
was added for ORF125 detection into 10 ml of blocking solution (M. Iwabuchi 
et al. Plant Molecular Biology (1999) 39:183-188)), and they were shaken for 
1 hour, respectively. The PVDF films were transferred to 100 ml of TTBS (20 
mM Tris-HCl (pH 7.5), 500 mM NaCl and 0.05 % Tween20), and they were 
shaken for 10 minutes. This operation was repeated three times, and an 
excess secondary antibody was washed out. A chemical emission system 
"ECL+" (manufactured by Amersham) to peroxidase was used for ATPA 
detection, and exposure detection was conducted for 5 seconds. BCIP/NBT 
(manufactured by MOSS Inc.), which is a chromogenic substrate of alkali 
phosphotase, was used for ORF125 detection, and color development was 
detected for 5 minutes. 

As a result, the ATPA accumulation, which is a control, was hardly 
changed in buds of the diphyletic cytoplasmic male sterility rapeseed, [buds 
of] fertility restored rapeseed and buds of transformed rapeseed where the 
DNA was inserted into the cytoplasmic male sterile line! however, the 
accumulation of ORF125 protein was decreased in the transformed rapeseed 
dominantly. The degree of this decrease is the same level as the fertility 
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restored line where the fertility restoring gene was introduced due to the 
cytoplasmic male sterile line by breeding (Fig. 4 and M. Iwabuchi et al. Plant 
Molecular Biology (1999) 39:183-188). Further, comparing the degree of 
decrease in ORF125 protein accumulation with the dilute line, it was 
ascertained that the decrease was 1/8 to 1/16 with the fertility restored 
rapeseed and approximately 1/8 with transformed rapeseed. As described 
above, since the fertility restoration in rapeseed and the decrease in ORF125 
protein accumulation were strongly linked and in the agreement relationship, 
it was proved that the DNA sequence functions to decrease the ORF125 
protein accumulation within mitochondria, and is a genome DNA sequence 
where the fertility restoring genes are retained. 

In addition, anthers were extracted from a bloomed body and they 
were observed with a microscope, and it was confirmed that normal pollen 
was formed (Fig. 5). 

Embodiment 9: cDNA isolation 

A F2 individuals, which have the Rfl gene in homo and has pollen 
fertility, were selected from the F2 aggregation, which was used at the time of 
production of gene mal, as RNA donor, and after mRNA was purified from 
buds, cDNA was synthesized, and cDNA was isolated using 5'-RACE or 3'- 
RACE method. 
(Purification of mRNA) 

All RNAs were extracted from buds of F2 individual, which has the Rfl 
gene having allele and has pollen fertility, by a guanidium thiothiocyanate 
method, which is a usual method, using the RNeasy kit (by Qiagen). PolyA + 
RNA were purified from all RNAs using mRNA Purification kit (by 
Amersham Pharmacia) where origo (dT) cellulose columns, and mRNA was 
obtained. 

(Isolation of cDNA by 5'-RACE and 3'-RACE) 
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Using 1 ug of purified mRNA, cDNA was isolated using "Marathon 
RACE system 5'RACE 3'RACE" kit by 5'-RACE and 3*-RACE methods. As 
gene specific primers, 5 '- GATTCCTTTCTCTTGCATTTC AG- 3 ' (SEQ ID NO 
10) and 5'-ATCTCGTCCTTTACCTTCTGTGG-3' (SEQ ID NO 11) were used 
for 5'-RACE and 3'-RACE, respectively. After base sequences of the obtained 
clone were defined, cDNA sequences were obtained (SEQ ID NO 2). 

Embodiment 10: Conversion of cDNA to amino acid sequence and analysis 
(l) Using a normal genetic code, cDNA was converted into the amino acid 
sequences using gene analysis software "Genetyx-SV" (Software Development 
Co., Ltd.), and amino acid sequences described in SEQ ID NO 3 were 
obtained. PPR motif was analyzed using a program in Protein families' 
database of alignments and HMNs (hereafter, abbreviated as Pfam: 
http//: www.sanger.ac.uk/Software/Pfam/search.shtml). As a result of 
analysis, it was discovered that a translated product of fertility restoring 
genes shown with SEQ ID NO 1 was a protein having 16 PPR motifs. 
Further, the PPR motifs were three PPR clusters. The three clusters were as 
follows: 

® PPR cluster #1- PPR cluster where the 1st PPR motif from the N-terminal 
to the 5th PPR motif comprises successive 175 residues! 

© PPR cluster #2- PPR cluster where the 6th PPR motif from the N-terminal 
to the 12th PPR motif comprises successive 245 residues! 
(D PPR cluster #3: PPR cluster where the 13th PPR motif from the N- 
terminal to the 16th PPR motif comprises successive 140 residues! 

Embodiment 11: Analysis of protein of the present invention 

An experiment about whether or not translation inhibition occurred in 
Escherichia coli combining a transcriptional product (mRNA) of ORF125, 
which is a causal protein occurring Kosena cytoplasmic male sterility was 
conducted. 



70 



WO 02/088179 



PCT/JP02/04092 



The fertility restoring genes shown in SEQ ID NO 2 were introduced 
into a BamHI-SphI section of an Escherichia coli expression vector pQE-80L 
(by Qiagen), and six histidine residues structured an expression vector to be 
added to (6XHis) N-terminal (pQEBl/cds6). Further, DNA was amplified 
using a primer to introduce BamHI section: CGGGATCCGCTCACAATT 
(SEQ ID NO 12) and an M13 primer RV (manufactured by Takara Shuzo), 
using pSTV29 (manufactured by Takara Shuzo) vector as a mold. For the 
DNA amplification, Takara LA PCR Kit (manufactured by Takara Shuzo) 
was used. After the amplified DNA was cut by restriction enzymes BamHI 
and EcoRI (manufactured by Takara Shuzo), they were purified using 
Suprec-02 (manufactured by Takara Shuzo). In order to synthesize DNA 
fragments having BamHI and EcoRI sections in the 5'-UTR region of ORF125 
gene and at the both sides of 25 amino acids of ORF125, PCR was conducted 
using two primers in accordance with Fujimoto method (PCR experimental 
protocol of plants^ Actuality of synthesized DNA, pp. 84-87 (Shujunsha). For 
the primers, 
125-5'BamHI: 

GCGGATCCCAATTTCATTCTGCATCACTCTCCCTGTCGTTATCGACCTCG 
CAAGGTTTTTGAAACGGCCGAAACGGGAAGTGACAATACCGCTTTTCTT 
C (SEQ ID NO 13) and 
125-5'EcoRP 

GGAATTCACTAACTTTACATTCAGTAGGAGTGAGATTATGACAAAAAGTG 
GACAATTTTTCGAAAAAGGTAATCATGCATTTATATGCTGAAGAAAAGCG 
(SEQ ID NO 14) were used. The amplified DNA was cut by the restriction 
enzymes BamHI and EcoRI (manufactured by Takara Shuzo), DNA was 
purified using Suprec-02 (manufactured by Takara Shuzo). The purified 
DNA was joined using TaKaRa Ligation kit (manufactured by Takara Shuzo), 
and was transformed to Escherichia coli DH10B (manufactured by Gibco 
BRL). They were cultured in the LB agar culture medium (l % Bacto- 
Tryptone, 0.5 % Bacto-Yeast Extract, 1 % NaCl, 1.5 % Bacto-Agar, 0.1 mM 
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IPTG and 20 ug/ml X-Gal) where 50 ug/ml of chloramphenicol (manufactured 
by Sigma) was added, at 37 degrees for 18 hours or longer. Plasmid was 

extracted from a thin blue colony using a usual method, and base sequences 
were confirmed. As described above, a vector where the 5'-UTR region of 
ORF125 gene and 174bp including 25 amino acid of ORF125 (the 7th to 180th 
base sequences output the base sequences described in Fig. 6) were 
introduced between from the EcoRI section to the transcription starting point 
of lacZ gene was structured (pSTV125-5' #LA6). Further, simultaneously, a 
vector having fragments (the 7th to 183rd of the base sequences described in 
Fig. 6) causing the mutation to a portion equivalent to said 174bp was 
obtained (pSTV125-5' #LA12). 

Said vectors pSTV125"5' #LA6 and #LA12 were introduced into the 
Escherichia coli (manufactured by GibcoBRL), respectively, and they were 
stationarily cultured in the agar culture medium where 50 ug/ml 
chloramphenicol (manufactured by Wako Pure Chemicals Industries), 200 
uM IPTG (manufactured by Wako Pure Chemicals Industries) and 40 ug/ml 
X-Gal (manufactured by Takara Shuzo) were added to the LB culture 
medium at 37 degrees over night, and a colony was grown, and it became thin 
blue. In other words, even in the Escherichia coli where any vector was 
introduced, it was the introduced LacZ genes that were expressed. 

In addition, in order to introduce the pSTV125"5' vector and the 
pQEBl/cds6 vectors into the Escherichia coli as similar to the above- 
mentioned, they were cultured using a culture medium where 50 ug/ml 
ampicillin was added to the above-mentioned culture medium. When 
pSTV125-5' #LA6 was co-existed, the colony became white; however, when 
pSTV125-5' #LA12 having mutation to the introduced fragments was co- 
existed, the colony became thin blue, and the degree of blue was the same as 
the case of #LA12 singularity. Furthermore, whether or not these introduced 
vectors fell off from the Escherichia coli was confirmed by extracting the 
vectors using a usual method after each colony was cultured. 
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According to the above-mentioned results, it seems that the protein 
expressed within the Escherichia coli by the pQEBl/cds6 vectors became 
white colony, because the expression of LacZ genes was restrained as a result 
of combining with mRNA of pSTV125-5' #LA6. Further, when pSTV125"5' 
#LA12 co-existed, pQEBl/cds6-derived protein could not be combined with 
mRNA because the introduced fragment section had mutation, and as a 
result, the LacZ gene was expressed and the color became blue. 

As described above, it is assumed that the protein having the amino 
acid sequences described in SEQ ID NO 3 participates in mRNA of ORF125; 
to be more specific, the transcriptional products of at least ORF125-5'UTR 
region and the code region of 25 amino acid residues of ORF125, and the 
expression of ORF125 protein appears to be restrained. 

In other words, it is assumed that since the translational products of 
genes of the present invention are combined with male-sterile genes and 
inhibit the translation within mitochondria after being transferred to the 
mitochondria, the accumulation of causal protein of cytoplasmic male sterility 
is decreased, and the cytoplasmic male sterility is restored to the fertility. 

Embodiment 12: Isolation of Kosena rapeseed fertility restoration gene 

The genomic sequence of the fertility restoring gene was obtained from 
the rapeseed line, which was obtained by introducing kosena radish 
(Raphanus sativus cv. Kosena) due to cell fusion, (hereafter, referred to as 
kosena rapeseed) using the PCR method. DNA was extracted from 1.0 g of a 
leaf of kosena rapeseed using the DNA isolation kit (DNeasy plant mini) 
provided by Qiagen. For DNA amplification, 5'- 

AC AT AAAAATC ACTAGATACTTGACATGGAGGC - 3 ' (SEQ ID NO 30), which 
represents sequences from the base sequence l,027bp to l,059bp in SEQ ID 
NO 1, was set as a forward primer, and 5'- 

AAGAGGAGGAAGATGGCATCACAGC-3' (SEQ ID NO 31), which represents 
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sequences from the base sequence 7,675bp to 7,651bpbp, was set as a reverse 
primer. 

After 49 pi of sterilized water, 10 pi of lOxLA PCR buffer solution 
(manufactured by Takara Shuzo), 10 pi of 25 mM MgCl 2 , 16 pi of 2.5 mM 
dNTP mix, 2 pi of 10 pM forward primer solution, 2 pi of 10 pM reverse 
primer solution and 1 pi of 5 unit/pl TaKaRa LA Taq (manufactured by 
Takara Shuzo) were added to 10 pi kosena rapeseed DNA solution (50 ng/pl) 
and they were mixed, DNA was amplified by repeating 30 times with a cycle 
at 98 degrees C for 20 seconds and at 68 degrees C for 15 minutes. For a 
thermal cycler, UNOII (manufactured by Biometra) was used. After the 
reaction, approximately 6 kb of amplified product was purified using an 
ultrafiltration filter Microcon-PCR (manufactured by Millipore). For a 
portion equivalent to the 4,280th to the 7,585th in SEQ ID NO 1, the base 
sequence 3,306bp was determined (SEQ ID NO 15) using the purified 
amplified product as a mold. The obtained genome base sequence of kosena 
rapeseed and the sequence of Yuanhong radish (Raphanus sativus cv. 
Yuanhong) were compared, and DNA base substitution was discovered only 
in 7bp output 3,306bp, and it was ascertained that [kosena rapeseed] has 
high homology. 

Further, a cDNA sequence of 3' portion of fertility restoring gene of 
kosena rapeseed was acquired by RT-PCR method, and it was confirmed that 
intron was spliced in the same form as Yuanhong radish (Raphanus sativus 
cv. Yuanhong). Entire RNA was extracted from buds of kosena rapeseed 
using AGPC (Acid Guanidium- Phenol- Chloroform) method (Shujunsha, 
supplementary volume of Cell Technology, Bio-experimental Illustrated; © 
Basic of Gene Analysis, p. 161-166), which is a conventional method. Using 
SUPERSCRIPTII RNaseH- Reverse Transcriptase (manufactured by 
Invitrogen), cDNA was synthesized with 1 pg of entire RNA. As a specific 
forward primer for 3' portion of fertility restoring gene, 5'- 
TGGAGTAAAGAGGAACTAAAAAGGGC-3' (SEQ ID NO 23) was used, and 
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as a specific reverse primer for 3' portion of fertility restoring gene, 5'- 
CAGACAATAGACGCATAAAAGGC-3' (SEQ ID NO 33) was used. After 14.9 
pi of sterilized water, 2.5 pi of lOxPCR buffer solution (manufactured by 
Takara Shuzo), 1.5 pi of 25 mM MgCl 2 , 2 pi of 2.5 mM dNTP mix, 1.5 pi of 10 
pM forward primer solution, 1.5 pi of 10 pM reverse primer solution and 0.1 
pi of 5 unit/pl of TaKaRa Taq (manufactured by Takara Shuzo) were added 
into 1 pi of kosena rapeseed cDNA solution and they were mixed, DNA was 
amplified by repeating 35 times with a cycle at 94 degrees for 40 seconds, at 
60 degrees for 30 seconds and at 72 degrees for 2 minutes 35 times. For a 
thermal cycler, UNOII (manufactured by Biometra) was used. Addition of 1 
pi of pGEM-Teasy vector (manufactured by Promega), 5 pi of 2x ligation 
buffer solution (manufactured by Promega) and 1 pi T4 DNA ligase 
(manufactured by Promega) into 3 pi of amplified product was conducted, and 
[the mixture] was left to stand at room temperature for one hour, and 
combined to the vector. This vector became transformed to Escherichia coli 
DH5ct (manufactured by Gibco BRL) and clones were obtained. For the 
obtained clones, base sequences were determined by a conventional method, 
and it was confirmed that intron of cDNA of kosena rapeseed was spliced as 
similar to Yuanhong radish (Raphanus sativus cv. Yuanhong). In other 
words, it was ascertained that the base substitution at 7bp, which was 
discovered from the comparison of the prior genomic sequences, existed in 
5,444bp to 5,814bp of SEQ ID NO 1, and it did not affect splicing. 

As described above, it was ascertained that the fertility recovering 
gene of kosena rapeseed expresses mRNA in a similar form as Yuanhong 
radish (Raphanus sativus cv. Yuanhong). The cDNA sequence coding for only 
the translated region is shown in SEQ ID NO 16. In addition, an amino acid 
sequence was obtained from this cDNA sequence (SEQ ID NO 17). 

Embodiment 13: Isolation of fertility restoring gene partial sequence of 
Raphanus raphanistrum (hereafter, referred to as R.. raphanistrum) 
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A partial sequence of R.. raphanistrum fertility restoring gene was 
isolated from cDNA. 
(Purification of mRNA) 

Entire RNA was extracted from buds of R.. raphanistrum using AGPC 
(Acid Guanidium- Phenol- Chloroform) method (Shujunsha, supplementary 
volume of Cell Technology, Bio-experimental Illustrated; © Basic of Gene 
Analysis, p. 161-166), which is a conventional method. PolyA + RNA were 
purified from the entire RNA using "mRNA Purification kit" (provided by 
Amersham Pharmacia) where an Origo(dT) cellulose column was used, and 
mRNA was obtained. 
(Partial sequence isolation of cDNA) 

From 1 ug of purified mRNA, cDNA was synthesized by using a 
"Marathon RACE system 5'RACE 3'RACE" kit (manufactured by Clontech). 
As a specific forward primer of fertility restoring gene, 
5'-GATTCCTTTCTCTTGCATTTCAG-3' (SEQ ID NO 34) was used, 
and as a specific reverse primer of fertility restoring gene, 
5'-ATCTCGTCCTTTACCTTCTGTGG-3' (SEQ ID NO 35) was used. 

After 14.4 pi of sterized water, 2.5 pi of lOx Pyrobest PCR buffer 
solution (manufactured by Takara Shuzo), 2 pi of 2.5 mM dNTP mix, 2.5 pi of 
10 pM forward primer solution, 2.5 pi of 10 pM reverse primer solution, 0.1 pi 
of 5 unit/pl Pyrobest DNA polymerase (manufactured by Takara Shuzo) were 
added to 1 pi R.. raphanistrum cDNA solution and they were mixed, DNA 
was amplified by repealing 30 times with a cycle at 98 degrees C for 5 
seconds, at 55 degrees C for 30 seconds and at 72 degrees C for 1 minute and 
30 seconds. As a thermal cycler, UNOII (manufactured by Biometra) was 
used. After 0.1 pi of 5 unit/pl TaKaRa Taq (manufactured by Takara Shuzo) 
was added into the amplified DNA solution and they were mixed, the mixture 
was heated at 72 degrees C for 10 minutes, and adenine nucleotide was 
added to the 3' terminal of DNA. Addition of 1 pi of pGEM-Teasy vector 
(manufactured by Promega), 5 pi of 2x ligation buffer solution (manufactured 
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by Promega) and 1 ul of T4 DNA ligase (manufactured by Promega) into 3 ul 
of the amplified product was conducted, and the mixture was left to stand at 
room temperature for 1 hour, and this was combined to the vector. This 
vector was transformed to Escherichia coli DH5a (manufactured by Gibco 
BRL) and clones were obtained. After base sequences of the obtained clones 
were determined using a conventional method, the cDNA partial sequence 
was obtained (SEQ ID NO 20). In addition, the amino acid sequence was 
obtained from the cDNA sequence (SEQ ID NO 21). 

Embodiment 14'- Isolation from ogura rapeseed fertility restoration gene 
The cDNA sequence of the fertility restoring gene was isolated from 
the rapeseed line, which was obtained by introducing the fertility restoring 
genes of Ogura radish (Raphanus sativus L.) due to hybridization (hereafter, 
referred to as ogura rapeseed), using 5'-RACE method and 3'-RACE method. 
(Purification of mRNA) 

Entire RNA was extracted from buds of ogura rapeseed using AGPC 
(Acid Guanidium- Phenol- Chloroform) method (Shujunsha, supplementary 
volume of Cell Technology, Bio-experimental Illustrated; © Basic of Gene 
Analysis, p. 161-166), which is a conventional method. PolyA + RNA were 
purified from the entrie RNA using "mRNA Purification kit" (provided by 
Amersham Pharmacia) where a Origo(dT) cellulose column was used, and 
mRNA was obtained. 
(Partial sequence isolation of cDNA) 

From 1 ug of purified mRNA, cDNA was synthesized using a 
"Marathon RACE system 5'RACE 3'RACE" kit (manufactured by Clontech). 
As a specific forward primer of fertility restoring gene, 5'- 
GATCCATGCATTTGTCAAGG-3' (SEQ ID NO 36) was used, and as a specific 
reverse primer of fertility restoring gene, 

5'-CATTTGTGTAGCCTCATCTAGG-3' (SEQ ID NO 37) was used. 
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After 14.4 pi of sterilized water, 2.5 pi of lOx Pyrobest PCR buffer 
solution (manufactured by Takara Shuzo), 2 pi of 2.5 mM dNTP mix, 2.5 pi of 
10 uM forward primer solution, 2.5 ul of 10 uM reverse primer solution, 0.1 pi 
of 5 unit/pl Pyrobest DNA polymerase (manufactured by Takara Shuzo) were 
added into 1 pi of ogura rapeseed cDNA solution and they were mixed, DNA 
was amplified by repeating 30 times with a cycle at 98 degrees C for 5 
seconds, at 55 degrees C for 30 seconds, and at 72 degrees for 1 minute 30 
minutes. For a thermal cycler, UNOII (manufactured by Biometra) was used. 
After 0.1 pi of 5 unit/pl TaKaRa Taq was added to the amplified DNA 
solution and they were mixed, the mixture was heated at 72 degrees for 10 
minutes, and adenine nucleotide was added to 3' terminal of DNA. Addition 
of 1 pi of pGEM-Teasy vector (manufactured by Promega), 5 pi of 2x ligation 
buffer solution (manufactured by Promega), 1 pi of T4 DNA ligase 
(manufactured by Promega) into 3pl of the amplified product was conducted, 
and the mixture was left to stand at room temperature for one hour and this 
was combined to the vector. This vector was transformed to Escherichia coli 
DH5a (manufactured by Gibco BRL), and clones were obtained. After base 
sequences of the obtained clones were determined using a usual method, four 
types of cDNA partial sequences were obtained. Primers for 5'-RACE and 3'- 
RACE were set to a common portion to the four types based upon the 
obtained four types of sequence information, and cDNA was isolated, 
respectively. 

(Isolation of cDNA by 5'-RACE and 3'-RACE) 

The cDNA was synthesized as similar to the above-mentioned, and the 
5'-RACE and 3'-RACE methods were conducted using a "Marathon RACE 
system 5'RACE 3'RACE" kit (manufactured by Clontech), and cDNA was 
isolated. As a gene specific primer, 

5'-CATTTGTGTAGCCTCATCTAGG-3' (SEQ ID NO 37) and 
5'-GTCCGGAGAGCAGCCCTTGGTAG-3' (SEQ ID NO 38) were used for 
5'RACE, and 



78 



WO 02/088179 



PCT/JP02/04092 



5'-TCATCGTATAATTCTTCAGCCTC-3' (SEQ ID NO 39) was used for 3'- 
RACE. 

With 5'RACE, PCR was conducted twice and DNA was obtained. After 
8.6 pi of sterilized water, 2 pi of lOx LA PCR buffer solution (manufactured 
by Takara Shuzo), 2 ul of 25 mM MgCl 2 , 3.2 ul of 2.5 mM dNTP mix, 1 ul of 
10 uM primer solution of SEQ ID NO 9907F, 1 ul of 10 uM adaptor primer 
solution (Marathon RACE system 5'RACE 3'RACE kit, manufactured by 
Clontech) and 0.2 pi of 5 unit/pl TaKaRa LA Taq (manufactured by Takara 
Shuzo) were added into 2 pi 250X diluted ogura rapeseed cDNA solution and 
they were mixed, DNA was amplified by repeating 5 times with a cycle at 98 
degrees for 5 seconds and at 72 degrees C for 3 minutes , and 5 times with a 
cycle at 98 degrees C for 5 seconds and at 70 degrees C for 3 minutes 3, and 
25 times with a cycle at 98 degrees C for 5 seconds and at 68 degrees C for 3 
minutes. The obtained DNA solution was diluted by lOOx, and after 8.6 pi of 
sterilized water, 2 pi of lOx LA PCR buffer solution (manufactured by Takara 
Shuzo), 2 pi of 25 mM MgCl 2 , 3.2 pi of 2.5 mM dNTP mix, 1 pi of 10 pM 
primer solution of SEQ ID NO 5'ogu-l, 1 pi of 10 pM adapter primer solution 
(Marathon RACE system 5'RACE 3'RACE kit, manufactured by Clontech) 
and 0.2 pi of 5 unit/pl TaKaRa LA Taq (manufactured by Takara Shuzo) 
were added to 2 pi out of the obtained diluted DNA solution, DNA was 
amplified by repeating 5 times with a cycle at 98 degrees C for 5 seconds and 
at 72 degrees C for 3 minutes, and 5 times with a cycle at 98 degrees for 5 
seconds and at 70 degrees C for 3 minutes 3 [sic], and 25 times with a cycle 
at 98 degrees C for 5 seconds and at 68 degrees C for 3 minutes. As a 
thermal cycler, UNOII (manufactured by Biometra) was used. 

With 3'RACE, 8.6 pi of sterilized water, 2 pi of lOx LA PCR buffer 
solution (manufactured by Takara Shuzo), 2 pi of 25 mM MgCl 2 , 3.2 pi of 2.5 
mM dNTP mix, 1 pi of 10 pM primer solution with SEQ ID NO 3'ogu-l, 1 pi 
of 10 pM adapter primer solution (Marathon RACE system 5'RACE 3'RACE 
kit, manufactured by Clontech), 0.2 pi of 5 unit/pl TaKaRa LA Taq 
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(manufactured by Takara Shuzo) were added into 2 pi of ogura rapeseed 
cDNA solution by 50x dilution and they were mixed, DNA was amplified by 
repeating 35 times with a cycle at 98 degrees C for 5 seconds, at 63 degrees C 
for 30 seconds and at 72 degrees C for 2 minutes. 

Addition of 1 pi of pGEM-Teasy vector (manufactured by Promega), 5 
pi of 2x ligation buffer solution (manufactured by Promega) and lpl of T4 
DNA ligase (manufactured by Promega) into 3pl of the amplified product was 
conducted, and the mixture was left to stand at room temperature for one 
hour and this was combined to the vector. This vector was transformed to 
Escherichia coli DH5ct (manufactured by Gibco BRL) and clones were 
obtained. After base sequences of the obtained clones were determined, 5'- 
RACE sequences and 3'-RACE sequences corresponding to the four types of 
cDNA partial sequences were obtained, and each sequence was combined and 
whole-length [sic.JcBNA sequence was obtained. The sequence with the 
highest homology with the cDNA sequence of this Yuanhong radish 
(Raphanus sativus cv. Yuanhong) was regarded as the fertility restoring gene 
of kosena rapeseed (SEQ ID NO 18). In addition, amino acid sequences were 
obtained from the cDNA sequences (SEQ ID NO 19). 

Embodiment 15: Analysis of fertility restoring gene 

Regarding each of the fertility restoring genes obtained with the above- 
mentioned methods, the homology of the cDNA sequences & the amino acid 
sequences and the motif were analyzed using the gene analysis software, 
"Mac Vector 6.5" (Oxford Molecular Ltd.) was used, and Protein families 
database of alignments and HMNs situated at Sanger Institute, UK, 
respectively. 

Rf genes derived from Yuanhong radish (Raphanus sativus cv. 
Yuanhong), kosena rapeseed and ogura rapeseed all 16 PPR motifs, and this 
PPR motif group was divided into three blocks, having 5, 7 and 4 motifs, from 
the amino terminal side, and the fourth amino acid existing in the second 
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PPR motif from the amino terminal side was asparagine. Further, the 
partial fragments derived from Raphanus raphanistram were analyzed by 
applying the above-mentioned sequences to portions equivalent to the above- 
mentioned sequences (the 94th to 264th in SEQ ID NO 26), and they have 
portions equivalent to the first to sixth PPR motifs from the amino terminal, 
and the PPR motif group and the fourth amino acid existing in the second 
PPR motif from the amino terminal side had the above-mentioned 
characteristic. 

In addition, among the protein of the present invention (SEQ ID NO 
26) obtained as a result of analysis of the fertility restoring gene partial 
sequences of three types of fertility restoring genes obtained from Yuanhong 
radish (Raphanus sativus cv. Yuanhong), kosena rapeseed and ogura 
rapeseed and gene coding them (SEQ ID NO 22), the homology between 
Yuanhong radish (Raphanus sativus cv. Yuanhong) and kosena rapeseed was 
very high, and since the values were 99.6 % in the amino acid sequence (a 
difference was merely confirmed in three sections of amino acid) and 99.7 % 
in the base sequences, the protein having the amino acid sequence described 
in SEQ ID NO 29 and a gene coding this protein (SEQ ID NO 25) are 
particularly preferable. 

In the meantime, comparing between ogura rapeseed and Yuanhong 
radish (Raphanus sativus cv. Yuanhong) and between ogura rapeseed and 
kosena rapeseed, high homology was confirmed in both comparisons, and 
their homology values were 92.0 % and 91.6 % in the amino acid sequences of 
comparison between the ogura rapeseed and Yuanhong radish (Raphanus 
sativus cv. Yuanhong) and between ogura rapeseed and kosena rapeseed, 
respectively, and the value in the base sequence was approximately 95 %, 
and the values were lower than those between Yuanhong radish (Raphanus 
sativus cv. Yuanhong) and kosena rapeseed. 

Industrial Usability 



81 



WO 02/088179 



PCT/JP02/04092 



According to the present invention, the Rf genes, particularly the Rf 
gene derived from radish was isolated and its structure was identified. In 
addition, according to the present invention, it has become possible to provide 
a means to establish a means to establish the rapeseed restoration line by 
utilized isolated Rf gene. 
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CLAIMS 

1. Proteins participating in restoration from cytoplasmic male sterility to 
fertility, wherein the proteins contain 14 or more of pentatricopeptide repeat 
(hereafter, abbreviated as PPR) motifs; the PPR motif group is divided into 
three or more blocks; each block has at least two or more PPR motifs, 
respectively! and the block at a carboxy terminal (Oterminal) has four PPR 
motifs. 

2. The proteins according to claim 1, where the number of PPR motif is 
14 to 16. 

3. The proteins according to claim 1 or 2, wherein the PPR motif group is 
divided into three blocks, and the blocks have five, seven and four PPR motifs 
in respective order from the amino terminal (N-terminal) side, respectively. 

4. The proteins according to claims 1 to 3, wherein the fourth amino acid 
existing in the second PPR motif existing from the amino terminal (N- 
terminal) side is other than serine, threonine and cysteine. 

5. The proteins according to claim 4, wherein the fourth amino acid 
existing in the second PPR motif from the amino terminal (N-terminal) is any 
of asparagine, glutamine, asparagine acid, glutamic acid and histidine. 

6. The proteins according to any of claims 1 to 5 further containing a 
signal peptide sequence for migrating to mitochondria at the amino terminal, 
or a sequence comprising -LysAspGluLeu- at the carboxy terminal. 
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7. Proteins participating in restoration from cytoplasmic male sterility to 
fertility causing an occurrence of a gel shift to the transcription after making 
contact with a transcription of a cytoplasmic male sterile gene. 

8. Proteins participating in restoration from cytoplasmic male sterility to 
fertility having amino acid sequences described in SEQ ID NO 26. 

9. Proteins participating in restoration from cytoplasmic male sterility to 
fertility having amino acid sequences described in SEQ ID NO 27. 

10. Proteins participating in restoration from cytoplasmic male sterility to 
fertility having amino acid sequences described in SEQ ID NO 28. 

11. Proteins participating in restoration from cytoplasmic male sterility to 
fertility having amino acid sequences described in SEQ ID NO 29. 

12. Any of the following proteins : 

(1) a protein having the 80th to 687th amino-acid sequences among the 
amino-acid sequences described in SEQ ID NO 3, the 80th to 687th amino- 
acid sequences among the amino-acid sequences described in SEQ ID NO 17, 
or the 82md to 690th amino-acid sequences among the amino-acid sequences 
described in SEQ ID NO 19; or 

(2) a protein having an amino-acid sequence where one to multiple amino 
acids are deleted, added and/or substituted in the 80th to 687th amino-acid 
sequences among the amino-acid sequences described in SEQ ID NO 3, the 
80th to 687th amino-acid sequences among the amino-acid sequences 
described in SEQ ID NO 17 or the 82nd to 690th amino-acid sequences 
among the amino-acid sequences described in SEQ ID NO 19 and 
participating in restoration from cytoplasmic male sterility to fertility. 
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13. Any of the following proteins: 

(1) a protein having amino-acid sequences described in SEQ ID NO 3. SEQ ID 
NO 17 or SEQ ID NO 19; or 

(2) a protein having an amino-acid sequence where one to multiple amino 
acids are deleted, added and/or substituted described in SEQ ID NO 3, SEQ 
ID NO 17 or SEQ ID NO 19 and participating in restoration from cytoplasmic 
male sterility to fertility. 

14. The proteins according to claim 1 to 9, wherein the cytoplasmic male 
sterile individual has a cytoplasmic male sterilie gene of kosena radish 
(Raphanus sativus cv. Kosena) and/or Ogura radish (Raphanus sativus L.) or 
homologue thereof. 

15. DNA coding for the proteins according to any of claims 1 to 10. 

16. DNA having base sequences described in SEQ ID NO 22. 

17. DNA having base sequences described in SEQ ID NO 23. 

18. DNA having base sequences described in SEQ ID NO 24. 

19. DNA having base sequences described in SEQ ID NO 25. 

20. Any of the following DNA: 

(1) DNA having base sequences described in SEQ ID NO 2, SEQ ID NO 16 or 
SEQ ID NO 18, or ; or 

(2) DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted in the base sequences described in SEQ ID NO 2, 
SEQ ID NO 16 or SEQ ID NO 18 and participating in restoration from 
cytoplasmic male sterility to fertility; or 
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(3) DNA hybridizing with base sequences described in SEQ ID NO 2, SEQ ID 
NO 16 or SEQ ID NO 18 under stringent conditions and participating in 
restoration from cytoplasmic male sterility to fertility. 

2 1 . Any of the following DNA: 

(1) DNA having the 3,754th to 8,553th base sequences among the base 
sequences described in SEQ ID NO 1 or the 812th to 3002nd base sequences 
among the base sequences described in SEQ ID NO 15; or 

(2) DNA having the 3,754th to 8,553th base sequences where one to multiple 
bases are deleted, added and/or substituted among the base sequences 
described in SEQ ID NO 1 or the 812th to 3002nd base sequences where one 
to multiple bases are deleted, added and/or substituted among the base 
sequences described in SEQ ID NO 15 and participating in restoration from 
cytoplasmic male sterility to fertility! or 

(3) DNA hybridizing with DNA having the 3,754th to 8,553th base sequences 
among the base sequences described in SEQ ID NO 1 or the 812th to 3002nd 
base sequences among the base sequences described in SEQ ID NO 15 under 
stringent conditions and participating in restoration from cytoplasmic male 
sterility to fertility. 

22. Any of the following DNA: 

(1) DNA having base sequences described in SEQ ID NO 1 or SEQ ID NO 15; 

or 

(2) DNA having base sequences where one to multiple bases are deleted, 
added and/or substituted among the base sequences described in SEQ ID NO 
1 or SEQ ID NO 15, and participating in restoration from cytoplasmic male 
sterility to fertility; or 

(3) DNA hybridizing with DNA having base sequences described in SEQ ID 
NO 1 or SEQ ID NO 15 under stringent conditions and participating in 
restoration from cytoplasmic male sterility to fertility. 
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23. The DNA according to any one of claims 15 to 22, wherein the 
cytoplasmic male sterile individual has a cytoplasmic male sterilie gene of 
kosena radish (Raphanus sativus cv. Kosena) and/or Ogura radish (Raphanus 
sativus L.) or has homologue thereof. 

24. A vector containing the DNA according any of claims 15 to 23. 

25. A transformant having the DNA according to any of claims 15 to 23 or 
the vector according to claim 24. 

26. The transformant according to claim 25 being a transformed plant. 

27. A method for restoring from cytoplasmic male sterility to fertility using 
the DNA according to any of claims 15 to 23. 

28. A transformant enabling the control of expression of a cytoplasmic 
male sterilie gene by partially or entirely introducing the DNA described in 
any of claims 15 to 23 to a cell having a cytoplasmic male sterilie gene and 
having the DNA according to any of claims 15 to 23. 

29. A maintenance method for a cytoplasmic male sterile line by utilizing 
the transformant according to claim 28. 

30. A method for detecting a gene participating in restoration from 
cytoplasmic male sterility by using 15 mer to 50 mer of oligonucleotide 
primer arbitrarily set from the DNA according to any of claims 15 to 23 or at 
least 15 mer or more of probe comprising all or part of the DNA according to 
claims 15 to 23, and by confirming that a quantity of base sequences to be 
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amplified by the primer or a quantity of base sequences detected by the probe 
is one gene or more per genome in a target biological sample. 

31. A promoter DNA having the 3754th to 5091st base sequences among 
the base sequences described in SEQ ID NO 1 or the 1st to 811th base 
sequences among the base sequences described in SEQ ID NO 15. 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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taittaagat 


aagaagttta 


fcgcgagagaa 




c t e a ggt t ga gtcttaactt 


1020 


ettaagaeat; 


aaaaatcact 


agatacttga 


oatggaggca 


ccaasttatc ctatattttt 


1080 


tggacitaat 


cttggtgtac 


oeaiagagta 


aaccttaagg 


i < x . a } ^ w 


1140 


actcafct tea 


aagttgatat 


ottttaaaaa 


agtaaaeaaa 




1200 


attttlaaaa 


taaaaatatt 


asaaaataaa 


a&taataata 


tatgcaaaaa aaaagatttt 


1260 


aa < : t 


tttaattteg 


teaacaaaac 


aetaaactct 




1320 


Uggataaat 


aotaaaccot 


aaattaaaaa 


oattaaacca 


J a tag tat - ) sagatt 1 


1380 


astgttttsg 


tgtttagtgt 


ttttgattta 


gaatttagga 


ttatcc i&g a) ' 1 g it t 


1440 


tatccaaggg 


ttfcagggitt 


agaatttagg 






1500 


gggtctaggg 


tatacccaag 


ggtttagggt 


ttaggattta 


> t lit lit i < i h t 


1560 


agggtttagg 


gtttagagtt 


taaaattate 


caagggttta 


g! gl ] ac " 1 1, I i' { t 


1630 


ggtttaggat 


ttagggttta 


gggtttagtg 


ttttttgacg 


\* if v ji ' 1 1 1 ' 1 


1680 


aaattcattt 


tttgtaacgg 


etattstttt 


ttttttatat 


Uta af t ttaaaaacai 


1740 


aatataaett 


gacaatattt 


tcttttcttt 


ttaaaaaaaa 


Ill .1 c _1<J u vt 1 , 


1800 


attcctattg 


gttgggtgaa 


cctaa&tgtt 


cactctaggg 


g t ga a 1 ) i j g a c t. c 1 


1860 


attttttggg 


gtgasatsgc 


actatagcgg 


atatcttttt 


a "it i t i 


1920 


tctacetatg 


actaatcaag 


aacttgggat 


gattggaaat 


ctgcaggttg tactcaatat 


1080 


gggattstat 


tggttetaac 


aagtagatat 


gatccttgaa 


lattaaagit attaga ig 


2040 


ttcatcgtga 


aaggtgtagg 


gtttgtcatt 


ttattaaeaa 


attigtc; ; <:; taa aa 


2100 


tttttgtcat 


tttatsaaca 


tgaaaattat 


aacgaatgca 


C-tttgCtgi JtCC-i > 


2160 


ttgtcatttt 


atttttggga 


aaaaaatgta 


gcatttcgtg 


..t, 1 ; r 1 1 _j 


2220 


aaacaaaaag 


tgigagatca 


attttgaeea 


asaaaaaatg 


i a g a 1: 1 t = i _ s t 


2280 


aaatttatta 


aatttaccca 


actatattaa 


aattaaatgi- 


agacaaat tt 7 1 


2340 


c a 1 t. t t 'r r c 


;^ f ^rp;:^ 




f? <5 *t f- r-- -3 a €f 


i a if * * 


2 


ttatgataat 


tatceataaa 


tttacataat 




atcatttatt tgggtagatt 


2460 


tcataaatat 


gaaagtttet 


tttatgagtc 


aaaatgtsta 


1 ,u t^;. U t< i f 1; 


2520 


saattttags 


atttacatcg 


attttatatt 


aattcgtata 


gatttatgtt gactttatat 


25S0 
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atgeaaaaat atgtattata ttaaaagtag 

i =, i i i i, 1 1 i f 

~u 1 lit it t 'ij'ii 

acttttocna c tgccad^t tliui <-i 

ctctetacta ggUgcccaa ttgcctaata 

aaact idaa g ^ttt ^ecelaattg 

ttccaaatta caatocctag ataartttat 

v ,„a. t 0 1 t la < t n , { ^ 

toaagtagtg ttttatctcc tatcactaac 

ttctgtgttc ctgatcatat acttgactca 

r agaa; iij ^ i a - h 1t s - 

taaatttatt tacataaaag tat t 

ttttatattt agttcstttt tttttgacat 

a aa' atsgattats atgataaatt 

gttttatgat aaaattctaa ataacaataa 

aattaattaa tacattattt tataataaat 

tttttttcaa eaaattttgt tatagctaaa 

tttttttttt tttgattatt aagatttaat 

ttaa i-'aagt ?gtcctaati ttgaactag 

ggil agt tatteggat ttcggatttt 

ittroraajt Ucgg tc« m ^ctt g 

aaacegttta aattattttc aaaattttaa 

i < <•> icicd. j j dNaoatata 

it -t, < i t . il I ' 1 l t^tl Lg^Ct 

tatttttggt gttttgagta tgctttaact 
atattttcta giatrt fcgae caa 1 1 1 aaaa 
a t a t a 1. 1 c aa t c t a a a a a i a g t f a a a t a t a 



itgeieatat atgattttta aatafciaaat 2640 
tttacggaai ~r t v a >. •£ 1 g tgttaa 2700 
ggcaaagtgg ettttgggtc ccacgaaatt 2760 
aaaaggttaa aaatgtesta sstitattet 2820 
•taaacttgag gtggcctatt tttctaattc 2880 
ui i la atttttci 2940 
tttgtaggtg cattccatcg gttatgatta 3000 
attgcgccgt tggtgaegtt ttecatggaa 3060 
aaeatattca a< > ti g >; r is> JIJO 

gtttctgtga tttcatcaag tttttgagaa 3180 
ctgctcttac aatgttttaa ccgtgagtga 3240 
atagatttaa teaaceaatt taatatatta 3300 
cttttatatt tagtttagaa eaeetetatt 3360 
tataaaatag cataattttt tattttcatt 3420 
itataatatt attatattac taattgcaaa 3480 
atttaaaacg ttgggtagga ttttgttaga 3540 
ataaaattca aatgtaitgt saattgal > f " 
ataaataaae atatatgtca taitaaatst 3660 
gggtgggcgt tcgggtacct attegggttt 3720 
tggggtcaaa gattttagec ccatteggtt 3780 
getccttgcg gattoggttc gggiteggai 3840 
satttcatta tatattttas acttttcgaa 3900 
aatttcaata atatgtgteg aagtaaeaaa 3960 
stttggatag aaaatcaatc atattttata 4020 
stttatacst gtacttttta atgtttttat 4080 
gtattatata tattttagat gctttttaat 4440 
tatgtatatt aatctattto ggatacattc 4200 
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ggatateeaa aatattttgg tbcggatogg 
t - i ! - 1 * .1 . i, UiU 

< ggatti gi t ggtt< ttt ggatti i{ 1 1 

i, < i a;.. i< t b, id iai« g jtta 
1 1 til < * 1 

fcceaal tta tttgagtea as Hag 

al:i £ %g ;aa? jttctc aagt 
i t i. 1 t , t 

agtggatagt ^tgtaaatgg ~^ ~ 

mt r n ' r i i it i, i j a ^ 

eaattiotct cggctcrggg tttagtgsat 

itce a t jsc aa i^etgaae 

t • 1 1 g t as; a a c a aa 1 g gaae c c g 1 1 1 g t a c 

J t 1 t 4 1 1 1 ( ^ u, U I rM I < . _ 1 

• 2 ' t 1 (J \t, tt t: <*; ;<n 

i i.&ra gt-ti-gaagct gcaaagtggg 

attgatttgt tcagtgacat gcttcgatct 

aaaUgatgg gtgtggiggt gagaatggaa 

U\ < v. i u i i-it t> *;1 4. > 

ttctgoaget. gotetaagct cccctttgct 

"lUH-ia't > ; * i «i taccttcacc 

agggtttctg aagcettgga tttttttcat 

i < < " , ' < MBggga 



gttcggittt ggti taa ataecaaaaa 4280 
cggttcggat ttggtattac ttttgcagat 4320 
tttttgtcca gccctactct gaacagtega 4380 
gsttttggtt aggtctttct aattagtatg 4440 
ggtatgfccca aetcattgtt tatgtaeata 4500 
tacttsagag ttgaatgaas taggggatga 4560 
taactttgtt tatsttttas gttagcttat 4620 
aataaaaat.g t aactg gtto eta 463< 
.saatttttat gatcgtttaS taattttaga 4740 
Urt it n 3 \^ "a\ii I'-'lf 

aactctactg gtttcaatag ctcggtttat 4860 
catgtggccc tgtgggttta aacaaggaac 4920 
cggsaattgt ataattcaaa ctgaaecggt 4680 
tttatctctc gtttattttc tcagtcacga 5040 
tttaggcgaa acaaaaataa aatgttgget 5100 
cctgctgagt ctgcggotag attgttctgt 5180 
geaagcggag agagttgcga ageaggtttt 5220 
tttcatgaaa tcaaaggttt agaggatgog 5280 
cgtcctttac cttctgtggt tgatttctgt §340 
cgeccggatc ttgtgatttc tetetatcag 5400 

ttgtctacat ttggtaagat caccaagctt 5520 
a^c; '-"t - rgg ttal t t.. ,a , - 5' 0 
a^vtia .'a "a-dt- tdTS.-isi 56 0 
> Hi " i. - 1 1 , - 1 tr- "tu 
ggtciccagc ctacccagat tacttatgga 5'TOO 
gatactgtgt e tg stj - agg 5820 
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aagatggagg aggtgagcca catcataccc 
agccittgta aagaeggaeg teatagcgat 
r i < d i *J < -arr: ■-;£,( ta- 
ggtagsigga gcgaegcgga gcagttgttg 
gatgttgtaa cttataatg/c tttgatcast 
gctgaagaat tatacgatga gatgettcea 
ik-ttvi a < „ Ug. ; f n^c ja.<cia 

a i j i f i <" LCteCC 

- - I i t-u.aj - tagatgat 

ggcgstotta atgctgctat agaeetttta 

gatatcgtta cttgtgaeac. tttgctggat 

. A • ,i - tgtttaaggt alg-ngaag 
l <- i i - i r i ii 

n-^jL i „ i < g_c . tntt 

ocagatacta tcacctatag cteaatgatc 

gaggctacac aaatgtttga ttcgatgggt 

IN a r t. < 1 i i t i J 

J I '< aaga igggT^-i;% ? i 

uO gyUUe rtaaagtggg -taurtat taat 
1 ' ji g4 ^ i gi taoaattnee 

i T » 4 - . ^ It 

iSgUfc »jf r,igl 'ai; • ttta 

„ 1 t t< .1*. - t sill ^il < „l "I i 

,-1 II UfgCgf h t V.lTg 

i U„ - -T 1 1 *= gv t£<. i i 
aatagagtga tcatagtgaa aaattgtgtg 



s-'U-tt-.i i r J .gig. ag ; Uga- 5 !< 

X X \ X < J ' 1 i < 

aaeagtstga tagttggttt ttgtagctct 6000 
itOi is' I g a_gt j > . 6060 

gcatttgtea aggsaggcaa gttc Ugag 6120 
aggggtataa tcccta&tac aatcacatat 6180 
i < t ik t **t 6240 

33C< t.s it i t t< tags 6300 

ggaatggaao ttctccatga gatgactgaa 0360 
aacactctta ttcacgggtt etatctggtg 6420 
caagagatga ietctagtgg tttgtgccct 6480 
ggtotetgcg ataatgggaa actaaaagat 6540 
agtaagaagg atcttgatgc tsgtcacccc 6600 
tacaatstat tgatcagcgg ettgatcaat 6660 
taegaggaga tgccccacag ? g agt. 6720 
_ _ \ a i K - -u " 0" *) 

agcaagagct tctctccaaa cgtagtgacc 6840 
gcaggaaggg ttgatgatgg gctggagctt 8900 
gctaaogcaa ttacttac-at caatttgatt 6980 
ggggctctag acattttcca ggagstgatt 7020 
atcegeaata igctgactgg tttatggagt 7080 
ettgagaaac tgcagatgag tatggtatgt 7140 
ataaacaaga atgtatacat tcitttgtgt 7200 
aattasccat tggtttggtt ttgcartgta 7260 
agattttctt ctgtftgege agcagagett 7320 
ataecctact aatgtttgat caaategttg 73S0 
gttagtaagt tattttgctg etattetaat 7440 
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iccttt a gegtcta ttgt< tggsc Uaataaatt t^a. ;i't; , 7500 
cestacactt gtttcacgca agsttattgg tctgaactaa agaggcacac cttecagaag 7560 
afcttcaggtg ttaaaagatg tttaggtgtc tgcccgttct c"j 1- • i u 7820 
't. . < Lea , acai t^ra gctgtgatgc cato km t i i 7FW< 

tattggctet gtcetgcett gtctgctccc atgtgggttc aggaggagat eatgtictit 7740 
taatcttggt ggaaatgttg ttgtegctta tgcttctctg gttcgcetet tg&cttgctt 7800 
agettcattc tttatctcca aattgetatg aastcaattt accataagta ga&taaactt 7860 
gcsgsttcst tctattattg cttaagcttt tgttaatcaa caaagaaace agagacgaga 7920 
aataesasct ctataagctt ctett.ttt.tc tttettgata gtaaaaecgg ttagagagta 7980 
gagattgatc atatgaacta aaaatcgat-a ctaaaaeggt ttggetccga cttatsaaet 80 0 
ggaaccccac cgttttgcat ctetctctca aacatcaeac aatgtccaag atgaagaagt 8100 
atttgtgttg tcatetetct gggtgaggag atgcaaatgt latattctaa ttgttttcag 8160 
tgcttggtct aactttttta agagattact cccagtggtt gg&tcsaaga aaisgtcaac 8220 
attgcattgt gtaaggtgec gaaaactgag ttaaagtaag tgagaacaat acttcaatgc 8280 
ttttettgtg acaacctgt.g taatcatcgc atttgaatat atatgtatat gatgcttatg 8340 
atgaagctat gagaataggc aaatagggtc tgtgttafrtt ccctgcgatt ctag&ttctg 8400 
atttgttttt ccttcttaat atttagatta ggtggtcttg cttatcctgt tttagtatta 8460 
gagtcggagt titggggatg iatcatccdg gstgatatat acaattgtgt attttatgaa 8520 
U i \Uia i gig la- i >' r i' <■.;•• 8553 
<2I0> 2 
<2il> 2064 

<2i2> m 

<213> Raphanus sativus 
<400> 2 

atg ttg get agg gtt tgt gga ttc aag tgt tot tot tat cat get gag 48 
Met Lea Ala Arg Val Cys Gly Phe Lys Cys Ser Ser Sar Pro Ala Glu 
I 5 10 15 
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tct gcg get aga ttg ttc tgt acg aga teg att cgt gat act ctg gec 98 
Ser Ala Ala Arg Leu Phe Cys Thr- Arg Ser He Arg Asp Tkr Leu Ala 

20 25 30 

aag gca age gga gag agt tgc gaa gca ggt ttt gga gga gag agt ttg 144 
Lys Ala Ser Gly Glu Ser Cys Glu Ala 61 y Phe Gly Gly Ola Ser Leu 

35 40 45 

mg ctg csa agt ggg ttt cat gaa ate- aaa ggt tta gag gat gcg att 192 
Lys Leu Gin Ser Gly Phe His Glu He Lys Gly Leu Glu Asp Ala Lis 

SO 55 60 

gat ttg ttc agt gac atg ctt cga tct cgt cct tta cot tct gtg gtt 240 
Asp Leu Phe Ser Asp Met Leu Arg Sex Arg Pro Leu Pro Ser Val Val 
66 70 75 80 

gat ttc tgt aaa ttg atg ggt gtg gtg gtg aga atg gaa ege ccg gat 288 
Asp Phe Cys Lys Leu Mat Gly Val Val Val Arg Met Glu Arg Pro Asp 

85 90 95 

ctt gtg att tct etc tat cag sag atg gaa agg aaa cag att cga tgt 336 
Leu Val lie Ser Lea Tyr Gin Lys Met Glu Arg Lys Gin lie Arg Cys 

100 105 110 

gat ate tac age ttc aat att ctg ata aaa tgt ttc tgc age tgc tct 384 
Asp He Tyr Ser Phe Asa lis Leu lis Lys Cys Phe Cys Ser Cys Ser 

115 120 125 

sag etc sec ttt get ttg tct sea ttt ggt sag ate aec aag ctt gga. 432 
Lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys lie Thr Lys Leu Gly 

130 135 140 

etc cac cct gat gtt gtt aec ttc acc acc ctg etc cat gga tta tgt 480 
Leu His Pro Asp Val Val Thr Phe Thr Thr Leu Leu His Gly Lsu Cys 
145 150 1S6 160 
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gtg gaa gat agg gtt tct gaa gcc ttg gat ttt ttt cat caa atg ttt 528 
Val Glu Asp Arg Yal Ser Git) Ala Leu Asp Phe Phe His Gin Met Phe 

165 ' 170 175 

gaa acg aca tgt egg gcc aat gtc gta acc Me sec act ttg atg aae 576 
Gin Thr Thr Cys Arg Pro Asn Yal Val Thr Phe Thr Thr Lea Met Asai 

180 185 190 

ggt ctt tgc cgc gag ggt aga att gtc gaa gcc gta get ctg ctt gat 024 
Gly Leu Cys Arg GIu Gly Arg lie Y&i Glu Ala Val Ala Leu Leu Asp 

196 200 265 

egg atg atg gaa gat ggt etc eag cct acc eag att act tat gga aca 872 
Arg fet Met Glu Asp Gly Leu Gin Pro Thr Gin lie Thr Tyr Gly Thr 

210 215 220 

ate gta gat ggg atg tgt sag aag gga gat act gtg tct gca ctg aat 720 
He Val Asp Gly Met Cys Lys tys Gly Asp Thr Yal Ser Ala Leu km 
225 230 235 240 

ctg ctg agg aag atg gag gag gtg age cac ate ata ccc aat gtt gta 768 
Leu Leu Arg Lys Met Glu Glu Val Ser His lie He Pro Asn Val Val 

245 250 255 

ate tat agt gca ate att gat age ctt tgt aaa gae gga cgt cat age 816 
lie Tyr Ser Ala lie lie Asp Ser Leu Cys Lys Asp Gly Arg His Ser 

260 265 270 

gat gca caa aat ctt ttc act gaa atg caa gag aaa gga ate ttt ccc 864 
Asp Ala 61 a Asn Leu Phe Thr Glu Met Gin Glu Lys Gly lie Phe Pro 

375 280 285 

gat tta ttt acc tac aac agt atg ata gtt ggt ttt tgt age tct ggt 912 
Asp Leu Phe Thr Tyr Asn. Ser Met He Val Gly Phe Cys Sar Sar Gly 
200 296 300 
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aga tgg age gac geg gag eag ttg ttg eaa gaa atg tta gas agg aag 960 
Arg Trp Ser Asp Ala Glu Gin Leu Leu Gin Glu Met Leu Glu Irg Lys 
305 310 315 320 

ate age cct gat gtt gta act tat eat get ttg ate aat gea ttt gto 1008 
He Ser Pro Asp Val Val Thr Tyr Asn Ala Leu He Asn Ala Phe Val 

325 330 335 

aag gaa gge aag ttc ttt gag get gaa gaa tta tae gat gag atg ctt 1056 
Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Leu Tjt Asp Glu Met Leu 

340 345 350 

oca agg ggt ata ate cct aat aca ate aca tat agt tea atg ate gat 1104 
Pro Arg Gly He He Pro Asn Thr lie Thr Tyr Ser Ser Met He Asp 

356 360 365 

gga ttt tgc aaa eag aat cgt ctt gat get get gag cac atg ttt tat 1152 
Gly Phe Cys lys Gin Asn Arg Leu Asp Ala Ala Glu His Met Phe Tyr 

370 3TS 380 

ttg atg get ace aag gge tgc tct ccc sac eta ate act ttc aat act 1200 
Leu 'Met Ala Thr Lys Gly Cys Ser Pro Asn Leu lie Thr Phe Asn Thr 
386 390 305 400 

etc ata gac gga tat tgt ggg get aag agg ata gat gat gga atg gaa 1248 
Leu He Asp Gly Tyr Cys Gly Ala Lys Arg lis Asp Asp Gly Met Glu 

405 410 418 

ctt etc cat gag atg act gaa aca gga tta gtt get gac aca act act 1296 
Leu Leu His Glu Met Thr Glu Thr Gly Leu Val Ala Asp Thr Thr Thr 

420 425 430 

tae aae act ctt att cae ggg ttc tat ctg gtg gge gat ctt aat get 1344 
Tyr Asn Thr Leu. lie His Gly Phe Tyr Leu Val Gly Asp Leu Asn Ala 
435 440 445 
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get eta gae ctt tta caa gag atg ate tot agt ggt ttg tgc oct gat 1392 
Ala Leu Asp Leu leu Bin Qlu Met He Ser Ser Gly tea Cys Pro Asp 

460 455 480 

ate gtt act tgt gac act ttg etg gat ggt etc tgc gat aat ggg aaa 14.40 
lis Val Ihr Cys Asp Thr Leu Leu Asp Gly Leu Cys Asp Asn Giy lys 
465 470 475 480 

eta aaa gat gca ttg gaa atg ttt aag gtt atg cag aag agt sag aag 1488 
Leu. Lys Asp Ala Lou Glu Mat Phe Lys Val Mat Gin Lys Ser Lys Lys 

485 490 495 

gat ctt gat get ggt cac ccc ttc aat ggt gtg gaa cct gat gtt aaa 1536 
Asp Leu Asp Ala Ser His Pro Phe Asa Gly Val Glu Fro Asp Val Gin. 

600 505 610 

act tac aat ata ttg ate ago ggc ttg ate aat gaa ggg aag ttt tta 1584 
Thr Tyr Asn Il« Leu lis Ser Gly Lea He Asa Glu Gly Lys Phe Leu 

SIS . 520 525 

gag gee gag gaa tta tac gag gag atg ccc cac agg ggt ata gtc oca 1632 
Glu Ala Glu Glu. Leu tyr Qlu QU Met Pro His Arg Gly He Val Pro 

530 535 540 

gat act ate ace tat age tea atg ate gat gga tta tgc aag cag age 1630 
Asp Thr He Thr Tyr Ser Ser Met He Asp Gly Leu Cys Lys Gin Ser 
54S 550 - 555 560 

;g " ci i gat gag get sea caa atg ttt gat teg atg ggt age aag age 1728 
x ^ u Asp ( j Ala b Gin Met Pre \sp Ser \ie* GU Lys Ser 

565 570 575 

ttc tct oca aac gta gtg acc ttt act aca etc stt aat ggc tac tgt 1776 
Phe Ser Pro Asa Val Val Thr Phe Thr Thr Leu He Asn Gly Tyr Cys 
5S0 585 590 
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aag gea gga agg get gat gat ggg ctg gag ett tte tgc gag atg ggt 1824 
Lys Ala Sly Arg Val Asp Asp Gly Lett Glu Leu Phe Cys Gla Met Gly 

59S 600 605 

cga aprt ?:? -1 5 g*t get j c gea 1 at ic U <ai iU it U 1872 
Arg Arg Gly lie Val Ala Asa Ala He Thr Tyr lie Thr Leu Ha Cys 

610 615 620 

ggt ttt cgt aaa gtg ggt aat att aat ggg get eta gae att ttc esg 1920 
Gly Phe Arg Lys Val Gly Asa II© Am Gly Ala Leu Asp He Phe Gin. 
625 630 635 840 

gag atg att tea agt ggt gtg tat set gat ace att ace ate ega aat 1968 
Glu Met lie Ser Ser Gly Val Tyr Pro Asp Thr He Thr He Arg Asn 

645 650 655 

atg ctg act ggt tta tgg agt aaa gag gaa eta aaa agg gea gtg gca 2016 
Met Ley Thr Gly Leu Trp Set Lys Glu Glu Leu Lys Arg Ala ?al Ala 

660 665 6T0 

atg ctt gag aaa ctg cag atg agt atg gat eta tea ttt ggg gga tga 2064 
Met Leu Glu Lys Leu Gin Met Ser Met Asp Leu. Ser Phe Gly Gly 
675 680 685 

<210> 3 
<2ll> 687 
<212> PRT 

<40O> 3 

Met Leu Ala Arg Val Cys Gly Phe Lys Cys Ser Ser Ser Pro Ala Glu 

1 5 10 15 

Ser Ala Ala Arg Leu- Phe Cys Thr Arg Ser Lis Arg Asp Thr Leu Ala 
20 25 30 
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Lys Ala Ser Gly Glu Ser Cys GI« Ala Gly Phe Gly Gly Glu Ser Lets. 

35. 40 45 

Lys Leu Gin Ser Gly Phe His Glu lie. Lys Gly Leu Glu Asp Ala He 

50 65 60 

Asp D \ r tn J i f > t Pro Ser Val Val 

OS 70 75 SO 

Asp Phe Cys Lys Leu Met. Gly Val Val Val Arg Met Glu Arg Pro Asp 

85 . ■ 90 OS 

Leu Val lie Ser Leu Tyr Gin Lys Met Glu Arg Lys Gin He Arg Cys 

100 105 110 

Asp lie Tyr Ser Phe Asa lie Leu He Lys Cys Fhe Cys Ser Cys Seer 

115 120 125 

Lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys He Thr Lys Leu Gly 

130 135 140 

Leu His Pro Asp Val Val Tfer Phe Thr Thr Leu Leu His Gly Leu Cys 
145 150 155 160 

Val Glu Asp Arg Val Ser Glu Ala Leu Asp Phe Phe His Gin Met Phe 

165 170 175 

Glu Thr Thr Cys Arg Pro Asn Val Val Thr Phe Thr Thr Leu Met Asn 

ISO 185 190 

Gly Leu Cys Arg Glu Gly Arg lie Val Glu Ala Val Ala Leu Leu Asp 

195 200 205 

Arg Met Met Glu Asp Gly Leu Gin Pro Thr Gin He Thr Tyr Gly Thr 

210 215 220 

He Val Asp Gly Mat Cys Lys Lys Gly Asp Thr Val Ser Ala Leu Asn 
225 230 235 240 

Leu Leu .Arg Lys Met Ghx Glu Val Ser His lie He Pro Asa Val Val 
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345 250 255 

lie Tyr Ser Ala lis lie Asp Ser Leu Cys Lys Asp Oly Arg His Ser 

260 265 270 

Asp Ala Gin km Leu Phe Thr Glu Met Gin Glu Lys Gly lie Phe Pro 

275 280 285 

Asp Leu Fhe Thr Tyr Asa Sex Met He Val Gly Phe Cys Ser Ser Gly 

290 295 300 

Arg Trp Ser Asp Ala Glu Gin Lets Leu Gin Glu Met Leu Glu Arg Lys 
305 310 316 320 

He Ser Pro Asp Val Thr Tyr Asn Ala Lett He Asa Ala Phe V'al 

325 330 335 

Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Leu Tyr Asp Gly Met leu 

340 345 350 

Pro Arg Gly lie lie Pro Asa Thr He Thr Tyr Ser Ser Met He Asp 

356 360 365 

Gly Phe Cys Lys Gin Asn Arg Leu Asp Ala Ala Glu His Met Phe Tyr 

370 375 380 

Leu Met Ala Thr Lys Gly Cys Ser Pro Asn Leu He Thr Phe Asn. Thr 
385 390 395 400 

Uu lis Asp Gly Tyr Cys Gly Ala Lys Arg He Asp Asp Gly Met Glu 

406 410 415 

Leu Leu His Glu Met Thr Glu Thr Gly Leu Val Ala Asp Thr Thr Thr 

420 426 430 

Tyr Asn Thr Leu He His Gly Phe Tyr Leu Val Gly Asp Leu Asn Ala 

435 440 445 

Ala Leu Asp Leu Leu Glu Glu Met He Ser Ser Gly Leu Cys Pro Asp 
450 456 460 
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lie Val Thr Cys Asp Thr Leu Leu Asp Gly Leu Cys Asp Asn Gly Lys 
465 470 475 480 

Leu Lys Asp Ala Leu Glu Met Phe Lys Val Met; Glix Lys Ser Lys Lys 

435 490 495 

Asp Leu Asp Ala Ser His Pro Phe Asa Gly Val Glu Pro Asp Val Gin 

500 505 510 

Thr Tyr Asn He ley lie Ser Gly Leu lie Asn Glu Gly Lys Phe Lee 

515 S20 525 

Glu Ala Glu Glu Leu Tyr Glu Glu Met. Pro His Arg Gly He Val Pro 

S30 535 540 

Asp Thr He Thr Tyr Ser Ser Met He Asp Gly Leu Cys Lys Gin Ser 
545 550 555 560 

Arg Im Asp Glu Ala Thr 6 In Met Phe Asp Ser Met Gly Ser Lys Ser 

565 570 575 

Phe Ser Pro Asa Val Val Thr Phe Thr Thr Lea He Asa Gly Tyr Cys 

5S0 585 690 

Lys Ala Gly Axg Val Asp Asp Gly Leu Glu Leu Phe Cys Glu Met Gly 

595 600 605 

Arg Arg Gly He Val Ala Ami Ala He Thr Tyr He Thr Leu He Cys 

610 615 820 

Gly" Phe Arg Lys Val Gly Asn He Asn Gly Ala Leu Asp Us Phe Gin 
625 630 635 840 

Glu Met He Ser Ser Gly Val Tyr Pro Asp Thr lie Thr He Arg Asa 

645 650 655 

Met Leu Thr Gly Leu T.rp Ser Lys Glu Glu Lm Lys Arg Ala Val Ala 

660 665 670 

Met Leu Giu Lys Leu Gin Met Ser Met Asp Leu Ser Phe Gly Gly 
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678 680 685 

<210> 4 
<2I1> 25 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic Wh 
<400> 4 

gaagcaaaaa agaaaacgag cagag" 25 
<210> 5 
<211> 25 
<212> DM 

<213>- Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 5 

eeaaaaatce gaaatcegaa tagac 26 
<210> 6 
<21I> 20 
<212> SKA 

<220> 

<223> Description of Artificial Sequence: Synthetic DM 
<400> 6 

ctcggctctg ggtttagtga 20 
<210> 7 
<211> 20 
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<212> DNA 

213 Art i T ieq^ence 
<220> 

<223> }escriptioi $i i al Sequent Synthetic Itt 

<400> 7 

tccaeaaacs ctagccsaca 20 
<210> 8 
<211> 24 
<212> DM 

<2i3 N> Ar t^i^ <. ^^'(^- iji ► 
<220> 

<223> Description of Artificial Sequence: Synthetic MA 
<4CK» 8 

gottatgott ctctggttcg cctc 24 
<21.0> 9 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<22Q> 

<223> Description of Artificial Sequence; Synthetic DNA 
<4G0> 9 

cteagtttte gtcacettac aeaatgc 27 
<210> 10 
<211> 23 
<212> DM 

>2K lN Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Synthetic DMA 
<400> 10 

gattcctttc tettgcattt csg 23 
<2I0> II 
<21.i> 33 
<212> DMA 

<213> Artificial Sequence 
<220> 

<22;3 1> s i pth of. bifida equ< e S theti f i 
<400> II 

atetegtoct ttaecttcl;g tgg 23 
<2!.0> 12 
<2U> 18 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DMA 
<4O0> 12 

cgggatccgc teacaatt 18 
<210> 13 
<211> 100 
<21:2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 13 

i^a <it ~~*~ *cat i u t ^ t tVt 60 
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gaaacggecg aaacgggaag tgacaatace gcttttcttc 100 
<210> 14 
<2H> 100 
<212> iMA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Seqaenea: Synthetic MA 
<400> 14 

ggaattoaet aactttacat tcagtaggag tgagattatg acaaaaagtg gacaattttt 60 
cgaaaaaggt aatcatgcat ttatatgetg aagaaaagcg 100 
<210> IS 
<211> 3306 
<Z12> UNA 

<2I3> Raphanus sativus 
<400> 15 

caattaattt cggttcggat ttggtattac ttttgcagat cggatteggt tcggttcttt 60 
gp oagtt tttttgtcca gccctactct ga&eagtaga taaaaaatag aacectaaat 120 
ratt t.-t^fH ,^UU,;gU aggtcct^ct aattagtatg gagattctcg attccttctc 1.80 
attgaagtgt ggtatgtcca actcattgtt tatgtacata tccaatttag ttttgagtca 240 
aatgttiagt tact taagag ttgaatgaaa taggggatga tattgatggc eaaggttetc 300 
cca&agtsaa taaotttgtt tatattttaa gttagcttat aaeatcaata aaaatgtcat 36a 
« * ; 1 1 1 r.ntt a^* gt+ccxctaa tataattatt taaescacet 420 

^' " i"l i i t i ( t - it t > t t n it . 480 
t 1 1 H i t i - ' i ix i ~" i ( i 5 540 

id^a b< etn< tg g.n« j t ■ i t \ 1 t trg 600 

"I + 1 t i 11 t ~1 V i . t i 1 T j> 660 

a < < i t t i j t < i * g n „, t , ^ Jf 720 
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ccgtttgtac tttatctetc gtttattttc 
aagaacaaaa tttaggcgaa acaaaaataa 
ttcttcttct cctgcfgagt ctgeggctag 

l- S. < ^ag k a,r Ik ^"t.\^ 

geUcgatet cgtsetttac cttctgtggt 
?agaatgga - - ggate 1 tgtgstttc 
tegatgtgat atataeaget tcaatattct 
cccctttgct ttgtetscat ttggtaagct 
taccttcacc accctgctcc aeggattgtg 
ittgtttaat caaatgtltg aaacgacatg 
jatgaacggt at tg gcg agggtagaat 
n, , ifui 1 i -sc.- ruacccagat 
n j t actgtgt ctgcaetgaa 
catoataocc a&tgttgiaa tetalagtgc 
r i> i < > t j t , ' * j 

-J I la^t :,j < t - t r t i , ' l- 
g i i s'i g caaga itgt tagaaaggaa 
r joUMrt a, Jf ^ i , r , 

' i 3 r u f ■ \ * _s. 

ttgcaaseag aategtcttg atgctgctga 
ctgctctccc aaectaataa. ctHeastac 
^^i^r it ^ it i la ! 

t j> i <- o f 

i. « r 1 i i - isr-i i f t l_ t 
t J *,gctgg; s r ,g * ai^ag a I 

g N v ir at. TT ; t„ * 



tcagfeeaega gtttttttta gagatcgacg 780 
aatgttggct agggtttgtg gattaaagtg 840 
attgttctgt acgagalcga ttogtgatae 900 
agesggtttt ggaggagaga gtttgaagcfc 980 
gagg tgog attg ttgt 1 tgaeat 1020 
tgstttctgt aaattgatgg gtgtggtggt 1080 
- r id i _ , , „ai again t la .< a _u I H> 
gataaaa: g i i t + u 12 H» 

caeeaagct T ggaouvae* t 1 i ■> 

cgtggaagat agggtttctg aagt fctgaa 1320 
taggeccaat sa^gjai. ' teacoacttt 1380 
tgtcgaagee gtagctetgc ttgatcggat 1440 
tacttatgga acaatcgtag atgggatgtg 1500 
tctgctgagg aagatggagg aggtgagcoa 1560 
aatcattgat agc^trt ta a^v^^u n G20 
aatgcaagag aaaggaatct ttcccgattt 1680 
ttgtagctct ggtagatgga gcgacgcgga 1740 
gateagccct gatgt-tgtaa cttatsatgc 1800 
gttctttgag gctgaagaat tatacgatga 1860 
aatcaeatat agtteaatga tcgatggaU 1920 
gcacatgttt tatttgatgg ctaccaaggg 1980 
ti f> a?u -gatat~stg ^ „ ^ , tl . So'o 
gatgactgaa aeaggatt g ttf * . 2100 
■1 g r 1 i- at a ~ etc*. J 100 

tttgtgccct gate teg vara cttgtgacac 2220 
a L„ii 1 i^-i^a^e fi t i T 2ZV> 
tagtoacccc ttcaatggtg tggaacctga 2340 
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tgiteaaact 


tacaatatat 


tgatcagegg 


cttgateaat gaagggaag"' f+ttr , s 


2400 


egaggaatta 


taegaggaga 


tgccGcacag 


\ st-- t i- i ^ cqc\".talag 


2460 


eteaatgatc 


gatggattat 


gcaagcagag 


» - ' 1 . . U - ' ][, 1 


2!>20 


ttegatgggt 


agcaagagct 


tctctccaaa 


cgta s '1:1 ii, t t if i i 


2580 


etsetgtaag 


gcaggaaggg 


tigatgatgg 


U i 1 1 


2640 


agggatagtt 




ttacttacat 


~"1 Tl-d " f" t 1 L t- 




taat&ttaat 


ggggctctag 


acattttcca 


ggagatgatt to^igt^tk; f > t > i 


2760 


taecattacc 


atecgeaata 


tgetgaet&g 


1 - i r ~\ c 


2820 


agtggcastg 


ettgagaaac 


tgcagatgag 


t^-ltU a,^r + T< tJ" * / , t _> 


2880 


tattttttat 




atgtatacat 


'.11 ~ 2\ ~ i T~ ^ at ,1 t 


2940 


caegttctgg 


aattaaeeat 


iggtttggtt 


T' _ " 1 1 h , .1 V { ,t , { ^ i 


3000 


gaatgatcaa 


agattttctt 


ctgtttgcgc 


i l ' v \ ft j^t Ki r t ^ 


3060 


x gatgaat £t 




aa tgtt tgs t 


i " if 'Tt , J. J , j 




aaattgtgtg 


gttagtaagt 


tattttgetg 


ctattctaat gaeagecttt tatgegtcta 


3180 


ttgtetggge 


ttaataaatt 


tgaccstttc 


csattaastt ccatacactt gttteaegca 


3240 


agaitattgg 


ietgaaclaa 


agaggeaeac 


' c agaag a it aggtg taaa gatg 


3300 



tttagg 3306 
<210> 16 
<2U> 2064 
<212> DNA 

<213> Raphanus sativus 
<400> 16 

atg ttg get agg gtt tgt gga ttc aag tgt tct tct tct ect get gag 48 
Met Leu Ala Arg Val Cys Gly Phs Lys Cys Ser Sar Ser Pro Ala Glu 

1 5 10 IS 

tct gcg get aga ttg ttc = aeg aga teg att cgt gat act ctg gee 96 
Se; \ld Ala 4 ^ L-^j 'la I \i - U \ t;j it leu Ala 
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20 25 30 

t a i c v.ii gag agt —o gaa < g ig* ;t,: 144 

Lys Ala Ser Gly 01 u Ser Cys Glu Ala Gly Phe Gly Gly Glu Ser Lou 

35 40 4B 

aag etg ess agt ggg ttt cat gaa ate aaa ggt tta gag gat geg att 192 
Lys Leu Gis Ser Gly Phe His Glu II* Lys Sly Leu Glu Asp Ala lie 

SO 55 60 

gat tig ttc agt gac etg ctt cga tct cgt cct tta cct tot gtg gtt 240 
Asp Leu Phe Ser Asp Met Leu Arg Ser Arg Pro Leu Pro Ser Val Val 
65 70 75 SO 

gat ttc tgt sag tta atg ggt gtg gtg gtg aga atg gaa ego eeg gat 288 
Asp Phe Cys Lys Leu Met Gly Val Val Val Arg Met Glu Arg Pro Asp 

85 90 95 

ctt gtg att tct etc tat cag sag atg gas agg 'aaa eag att cga tgt 338 
Leu Val lie Sex Leu Tyr Glu Ly« Met Glu Arg Lys Gin lie Arg Cys 

100 168 no 

gat ata tac age ttc aat att ctg ata aaa tgt ttc tgc age tgc tot 384 
Asp Tie Tyr Ser Phe Asa lie Leu He Lys Cys Phe Cys Set Cys Ser 

IIS 120 125 

aag etc ccc ttt get ttg tct aca ttt ggt aag etc acc aag ctt gga 432 
lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys Leu Thr Lys Leu Gly 

130 135 140 

etc cac cct gat gtt gtt ace ttc acc acc etg etc cac gga ttg tgc 480 
Leu His Pro Asp Val Val Thr Phe Thr Thr Leu Leu His Gly Leu Cys 
145 150 155 160 

gtg gaa gat ©gg gtt tct gas get ttg sat ttg ttt est eaa atg ttt 528 
Val Glu Asp Arg Val Ser Glu Ala Leu Asn Leu Phe Bis Gin Met Phe 
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165 170 175 

gaa acg aea tgt agg ccc aat gte gta ace tie acc act ttg atg aac 576 

Glu Thr Thr Cys" Arg Pro Asn Val Val Thr Phe Thr Thr hem Met Asn 

180 I8S . 190 

ggt ctt tgc cgc gag ggt aga att gtc gaa gee gta get ctg stt gat 624 

Gly Leu €ys Arg Glu Gly Arg lie Val Slu Ala Val Ala Leu Leu Asp 

195 200 205 

egg atg atg gaa gat ggt etc cag cat acc cag att act tat gga aca 672 

Arg tfet Hat Glu Asp Gly Leu Gin Pro Thr Gin lie Thr Tyr Gly Thr 

210 215 ■ 220 

ate gta gat ggg atg tgt sag mg gga gat act gtg tot gea ctg aat 720 

He Val Asp Gly Met Cys tys Lys Gly Asp Thr Val Ser Ala Leu Asn 

225 230 235 240 

ctg ctg agg aag atg gag gag- gtg age cac ate ata ccc sat gtt gta 768 

Leu Leu Arg iys Met Glu Glu Val Ser His II© lie Pro Asa Val Val 

245 250 255 

ate tat agt gca ate att gat age ctt tgt a&a gac gga cgt cat age 816 

lie Tyr Ser Ala He He Asp Ser Leu. Cys Lys Asp Gly Arg His Ser 

260 265 270 

gat gca caa aat ctt ttc act gaa atg caa gag aaa gga ate ttt ccc 864 

Asp Ala Gift Asa Leu Phe Thr Glu Mat Gin Glu Lys Gly He Phe Pro 

275 280 285 

gat tta ttt acc tac aac agt atg ate gtt ggt ttt tgt age tct ggt 912 

Asp Leu Phe Thr Tyr Asn. Ser Met He Val Gly Phe Cys Ser Ser Gly 

290 295 300 

aga tgg age gac gcg gag cag ttg ttg caa gaa atg tta gaa agg aag 960 

Arg Trp Ser Asp Ala Glu Gin Leu Lea Gin Glu Met Leu Glu Arg Lys 
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305 310 315 320 

ate age set gat gtt gta act tat aat get ttg ate aat gca ttt gtc 1008 

lis Sot Pro Asp Va2 Val Thr Tyr Asn Ala Leu lis Asa Ala Phe Val 

325 330 335 

aag gaa ggc aag ttc ttt gag get gaa gaa tta tac gat gag atg ctt 1056 
Lys Glu Giy Lys Phe Phe Giu Ala Glu Clu Leu Tyr Asp Glu Met Leu 

340 • 345 350 

eea agg ggt ata ate cct aat aca ate aca tat agt tea atg ate gat 1104 
Pro Arg Gly lis lie Pro Asn Thr lis Thr Tyr Ser Ser Met lie Asp 

35S 360 365 

gga ttt tgc aaa cag aat cgt ctt gat get get gag cac atg ttt tat 1152 
Gly Phe Cys Lys Gin Asn Arg Leu Asp Ala Ala Glu His Met Phe Tyr 

370 375 380 

ttg atg get ace sag ggc tgc tet ccc aac eta ate act ttc aat act 1200 
Leu Met Ala Thr Lys Gly Cys Ser Pro Asn. Leu lie Thr Phe Asn Thr 
386 390 395 400 

etc ata gac gga tat tgt ggg get aag agg ata gat gat gga atg gas 1248 
Leu He Asp Gly Tyr Cys Gly Ala Lys Arg lie Asp Asp Gly Met Glu 

405 410 415 

■ctt etc cat gag atg act gas aca gga tta gtt get gac sea act act 1296 
Leu Leu His Glu Met Thr Glu Thr Gly Leu Yal Ala Asp Thr Thr Thr 

420 425 430 

tac aac act ctt att cac ggg ttc tat etg gtg ggc gat ctt aat get 1344 
Tyr Asn Thr Leu Tie His Gly Phe Tyr Leu Yal Gly Asp Leu Asn Ala 

435 440 445 

get eta gac ctt tta caa gag atg ate tet agt ggt ttg tgc cct gat 1.392 
Ala Leu Asp Leu Leu Girt Glu Met lis Ser Ser Gly Leu Cys Pro Asp 
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450 455 460 

ate gtt set tgt gac act ttg ctg gat ggt etc tgc gat aat ggg aaa 1440 

Tie Val Tlx Cys Asp Thr Leu Leu Asp Giy Leu Cys Asp Asn Gly Lys 

466 470 475 480 

eta i - s i ti c i ^ H i i v - 1488 

Leu Lys Asp Ala Leu Glu Met Phe Lys Val Met Gift Lys Ser Lys Lys 

488 • 490 495 

gat ctt gat get agt cac ccc ttc aat ggt gtg gas ect gat gtt caa 1536 

Asp Leu Asp Ala Ser His Pro Phe Asn Gly Val Glu Pro Asp Val Gin 

500 505 510 

act tac aat ata ttg ate ago ggc ttg ate aat gaa ggg sag ttt tta 1584 

Thr Tyr Asn lis Leu lie Ser Gly Leu lie Asn Glu Gly Lys Phe Leu 

516 520 525 

gag gee gag gaa tta tac gag gag atg ccc cac agg ggt ata gtc cca 1832 

Glu Ala Glu Glu Lm Tyr Glu Glu Met Pro His Arg Gly lie Val Pro 

530 535 540. 

gat act ate ace tat age tea atg ate gat gga tta tgc asg cag age 1630 

Asp Thr lie Thr Tyr Ser Sex Met lie Asp Gly Leu Cys Lys Glss Ser 

545 6S0 556 560 

cgc eta gat gag get aea eaa atg ttt gat tog atg ggt age aag agt; 1728 

Arg Leu Asp Glu Ala Thr Gin Met Phe Asp Ser Met Gly Ser Lys Ser 

SGS 570 575 

ttc tet cca aac gta gtg acc ttt act aea etc ait aat gge tac tgt 1.776 

Phe Ser Pro Asn Val Val Thr Phe Thr Thr Leu lie Asn Giy Tyr Cys 

580 585 590 

aag gea gga agg gtt gat gat ggg ctg gag ctt ttc tgc gag atg ggt 1824 

Lys Ala Gly Arg Val Asp Asp Gly Leu Glu Lett Phe Cys Glu Met Gly 
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595 600 605 

cga aga ggg ata gtt get sac gca att act tac ate set ttg att tgt 1872 
Arg Arg Gly lie Val Ala Asn Ala lie Thr Tyr lie Thr Lau lie Cys 

610 616 620 

ggt ttt r _t a<a g^r > 1 , < t < gac att l sag 1920 

Sly Phe Arg Lys Val Gly Asa lie Asa Gly Ala Lea Asp lie Phe Gin 
625 630 . 635 640 

gag atg att tea agt ggt gtg tat cot gal; ace att ace ate ego sat 1968 
Glu Met He Sex Ser Gly Val Tyr Pro Asp Thr lie Thr lie Arg Asn. 

845 650 655 

atg ctg act ggt tta tgg agt aaa gag gaa eta aaa agg gca gtg gca 2016 
Met Leu Thr Gly Leu Trp Ser Lys Glu Glu Leu Lys Arg Ala Val Ala 

660 66S 670 

atg ctt gag aaa ctg cag atg agt atg gat eta tea ttt ggg gga tga 2064 
Met Leu Glu Lys Leu Gin Met Ser Met Asp Leu Ser Phe Sly Gly Xaa 

675 680 685 

<210> 17 
<211> 888 

<m> prt 

<2Io> Raphanus sativus 
<400> 17 

Met Leu Ala Arg Val Cys Gly Phe Lys Cys Ser Ser Ser Pro Ala Glu 

1 5 10 lb 

Ser Ala Ala Arg Leu Phe Cys Thr Arg Ser He Arg Asp Thr Lea Ala 

20 25 30 

Lys Ala Ser Gly Glu Ser Cys Glu Ala Gly Phe Gly Gly Glu Ser leu 
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Lys Leu Gla Ser Gly Phe His Giu lie Lys Gly Leu Glu Asp Ala lis 

SO 55 60 

Asp Leu Plie Ser Asp Met Leu Arg S&z Arg Pro Leu Pro Ser Val Val 
65 70 75 BO 

Asp Phe Cys Lys Leu 1st Gly Val Val Val Arg Met Glu Arg Pro Asp 

85 90 95 

Leu Val lis Ser Lea Tyr Gin Lys Met Glu Arg Ljs Gin lie Arg Cys 

100 105 no 

Asp He Tyr Ser Phe Asn lie Leu lie Lys Cys Phe Cys Ser Cys Ser 

116 120 . 1.25 

Lys Leu Pro Phe Ala Leu Ser Tfar Phe Gly Lys Leu Thr Lys Leu Gly 

130 135 140 

Leu His Pro Asp V'al Val Thr Phe Thr Thr lm Leu His Gly Leu Cys 
145 150 155 160 

Val Glu Asp Arg Val Ser Glu Ala Leu Asn Leu Phe His Gin Met Phe 

165 170 175 

Glu Thr Thr Cys Arg Pro Asn Val Val Thr Phe Thr Thr Leu Met Asn 

180 185 190 

Gly Leu Cys Arg Glu Gly Arg lie Val Glu Ala Val Ala Leu Leu Asp 

I9S 20O 205 

Arg Met Met Glu Asp Gly Lm Glu Pro Tkr Gin lie Thr Tyr Gly Thr 

210 215 220 

He Val Asp Gly Met Cys Lys Lys Gly Asp Thr Val. Ser Ala Leu Asn 
225 230 235 240 

leu Leu Arg Lys Met Glu Glu Val Ser His lie lis Pro Asn Val Val 

245 250 255 

lie Tyr Ser Ala lie He Asp Ser Leu Cys Lys Asp Gly Arg Bis Ser 
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260 265 270 

Asp Ala Gin Asn Leu Phe Thr Glu Met Gin Glu Lys Gly He Phe Pro 

275 280 285 

Asp Leu Phe T&r Tyr Asn Ser Met He Val Gly Phe Cys Sex Ser Gly 

290. 295 300 

Arg Trp Ser Asp Ala Glu Gin Leu Lea Gin Glu Met Leu Glu Arg Lys 
305 310 315 320 

He Ser Pro Asp Val Val Thr Tyr Asa Ala Leu He Asa Ala Phs Val 

325 330 335 

Lys Gla Gly Lys Phe Phe Glu Ala Glu Glu leu Tyr Asp Glu Met Leu 

340 345 350 

Pro Arg Gly He He Pro Asn War II© Thr Tyr Ser Ser Met lie Asp 

3SS 360 365 

Gly Phe Cys Lys Gin Asn Arg Leu Asp Ala Ala Glu His Met. Phe Tyr 

370 375 380 

leu Met Ala Thr Lys Gly Cys Ser Pro Asn Leu He Thr Phe Asn Thr 
385 390 395 400 

leu He Asp Gly Tyr Cys Gly Ala Lys Arg lie Asp Asp Gly Met Glu 

405 410 415 

Leu Leu His Glu Met Thr Glu Thr Gly Leu Val Ala Asp Thr Thr Thr 

420 425 430 

Tyr Asn Thr Leu He His Gly Phe Tyr leu Val Gly Asp Leu Asn Ala 

435 440 445 

Ala Leu Asp Leu Leu Gin Glu Met He Ser Ser Gly Leu Cys Pro Asp 

450 455 460 

lie Val Thr Cys Asp Thr Leu Leu Asp Gly Leu Cys Asp Asn Gly Lys 
465 470 475 480 
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Leu lys Asp Ala Leu Glu Met Phe Lys Val Met Gin Lys Ser Lys Lys 

485 490 490 

Asp Leu Asp Ala Ser His Pro Phe Asa 61 y Val Glu Pro Asp Val Gin 

500 506 . BIO 

Tkr Tyr Asn He Leu He Ser Gly Leu lis Asm Glu Gly Lys Hie Leu 

. 515 520 525 

Glu Ala Glu Glu Leu Tyr Glu Glu. Met Pro His Arg Gly lie Val Pro 

530 535 540 " 

Asp Hue lie Thr Tyr Ser Ser Met He Asp Gly Leu Cys Lys Gin. Ser 
545 550 555 580 

Arg Leu Asp Gin Ala Thr Gin Met Fha Asp Ser Met Gly Ser Lys Ser 

565 570 575 

Phe Ser Pro Asn Yal Val Thr Phe Thr Thr Leu He Asa Gly Tyr Cys 

580 585 S&0 

Lys Ala Gly Arg Val Asp Asp Sly Leu Glu Leu Phe Cys Glu Met Gly 

595 600 605 

Arg Arg Gly lie Val Ala Asn Ala lie Thr Tyr lie Thr Leu He Cys 

610 615 620 

Gly Phe Arg Lys Val Gly Asn lie Asn Gly Ala Leu Asp He Phe Gin 
635 630 635 64.0. 

Glu. Met He Ssr Sex Gly Val Tyr Pro Asp Thr lie Thr lie Arg Asn 

645 650 655 

Met Leu Tkr Gly Lea Trp Sex Lys Gl« Glu Leu Lys Arg Ala Val Ala 

660 665 670 

Met Leu Glu Lys Leu Gin Set Ser Met Asp Leu Ser Phe Gly Gly Xaa 

675 680 685 

<210> 13 
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<211> 2073 
<212> DNA 

, ill , L . L ■> 

<400> IS 

atg ttg get. agg gtt tgt gga tie aag , tct tct tot ect get gtg 4S 

Met Leu Ala Arg Val Cys Gly Phe Lys Cys Ser Ser Ser Fro Ala Val 

1 5 10 15 

tct geg get aga ttg ttc tgt acg aga teg att cgt gat act etg gee 96 
Ser Ala Ala Arg Leu Phe Cys Thr Arg Ser lie Arg Asp TTir Leu Ala 

20 2S 30 

aag gca age agg gat gga gag agt tgc gas gas- ggt ttt gga gga gag 144 
Lys Ala Ser Arg Asp Gly Glu Ser Cys Glu Ala Gly Phe Gly Gly Gin 

35 40 45 

agt ttg aag etg eas agt ggg ttt cat gaa sto aaa ggt tta gag gat 192 

Ser Leu Lys Leu Gin Ser Gly Phe His Glu II© Lys Gly Leu. Glu Asp 

50 55 60 

geg att gat ttg ttc agt gae atg ctt cga tct cgt ect its cct tct 240 

Ala lie Asp .Leu Phe Ser Asp Met Leu Arg Ser Arg Pro Leu Pro Ser 

65 70 75 80 

gtg gtt gat ttc tgt aaa ttg atg ggt gtg gtg gtg agg atg aaa ego 288 

Val Val Asp Phe Cys Lys Leu Met Gly Val Val Val Arg Mat Lys Arg 

35 ' 90 95 

ecg gat gtt gtg att tct etc cat aag aag atg gaa atg egg ege att 336 

Pro Asp Val Val II© Ser Leu His Lys Lys Met Glu Met Arg Arg lie 

100 105 110 

cca tgt gat gca tac age ttc aat att etg ata aag tgt ttc tgc age 384 

Pro Cys Asp Ala Tyr Ser Phe Asa lie Leu Lie Lys Cys Phe Cys Ser 
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115 120 . .125 

tgc tct aag ctg eee ttt get ttg tct aca ttt ggt aag etc sec sag 432 
Cys Ser Lys Leu Fro Phe Ala Leu Ser Thr Phe Gly Lys Lea Thr Lys 

130 135 140 

ctt gga etc cac cct gat gtt gtt acc ttc sec sec ctt etc cse gga 4SQ 
Leu Gly Leu His Pro Asp Val Val Thr Phe Thr Thr Leu Leu His Gly 
145 150 155 160 

ttg tgt gig gas sat agg ggt: tct gaa get ttg aat ttg ttt cat cm 528 
Leu Cys ¥al Glu Asc Arg Gly Ser Glu Ala Leu Asn Leu Phe His Gin 

185 170 175 

atg ttt gaa acg rca tgt agg ecc aat gtc gta acc ttc acc act ttg 676 
Met Phe Glu Thr Thr Cys Arg Pro km Val Val Thr Phe Thr Thr Leu 

180 ' 1.3S 190 

atg aac ggt ctt tgc ego gag ggt aga att gtc gaa goc gta get eta 624 
Met Asa Gly Leu Cys Arg Glu Gly Arg He Val Glu Ala Tal Ala Leu 

195 200 205 

ctt gat egg atg atg gaa gat ggt etc cag cot ace cag att act tat 672 
Leu Asp Arg Met: Met Glu Asp Gly lm Qln Pro Thr Gin lie Thr Tyr 

210 215 220 

gga aea ate gta gat ggg atg tgt aag aag gga gat act gtg tct gca 720 
Gly Thr He Val Asp Gly Met Cys Lys Lys Gly Asp Thr Val Ser Ala 
225 230 235 240 

ctg ssat ctg ctg agg aag t m =; r T ig< a at ata cc aat 788 
Leu Asn Leu Lea Arg Lys Met Glu Glu Val Ser His lie Lie Pro Asa 

245 250 265 

gtt gta ate tat agt gca ate att gat age ctt tgt aaa gae gga cgt 8,16 
Val Val He Tyr Ser Ala lie He Asp Ser Leu Cys Lys Asp Gly Arg 
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260 265 . ■ 270 

cat age gat tct m&. sat ctt ttc act gaa atg caa gag aaa ggs ate 884 
His Sex- Asp S«r Gin km Leu Pho Thr Glu Met Gin Glu Lys Gly lie 

275 280 .235 

ttt cca gat tta ttt ace tac sac tgt atg ate aae ggg ttt tgt age 912 
Phe Pro Asp Leu Phe Thr Tyr Asa Cys Met He Asn Gly Phe Cys Ser 

290 295 300 

tct ggt sga tgg ate ga« gof gag cag ttg ttg caa gaa atg tta gas 960 
Ser Gly Arg Trp lis Asp Ala Gin Gia Lea Leu Gin Glu Met Leu. Glu 
305 310 315 320 

agg asg ate age cct gat gtt gta act tat aat get ttg ate sat goo 1008 
Arg Lys He Ser Pro Asp Val Vai Thr Tyr Asn Ala Leu lie Asn Ala 

325 330 335 

ttt gtc sag gaa ggo sag ttc ttt gag get gaa gaa tta tac gat gag 1056 
Phe Val Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Leu Tyr Asp Glu 

340 345 350 

atg ctt cct agg ggt ata ate cct aat aca ate aca tat agt tea atg 1104 
Met Leu Pro Arg Gly lie lie Pro Asn Thr Lie Thr Tyr Ser Ser Met 

355 360 365 

ate gat gga ttt tgc aaa cag aat cgt ctt gat get get gag cac atg 1162 
lis Asp Gly Phe Cys Lys Glu Asa Arg Leu Asp Ala Ala Glu His Met 

370 375 380 

ttt tat ttg atg cct acc aag ggc tgc tct ccg gac gta ttc act ttc 1200 
Phe Tyr Leu Met Pro Thr Lys Gly Cys Ser Pro Asp Val Phe Thr Phe 
385 390 395 400 

aat act etc ata gac gga tat cgt ggg get aag agg ata get gat gga 1248 
Asn Thr Lea lie Asp Gly Tyr Arg Gly Ala Lys Arg He Asp Asp Gly 
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405 410 415 

atg gaa ctt etc cat gag atg act gaa gca gga tta gtt get aac ©ea 1296 

Met Glu Leu Leu His Glu Met Thr Glu Ala Gly Leu Val Ala Asn Thr 

420 425 430 

gtt act 1 5 9so act * t ca gg ti g ' gig ?gc gat ctt 1344 

Val Tlir Tyr Asn Thr Leu He His Gly Phe Cys Gin Val Gly Asp Leu 

435 440 446 

set get get eta gsc ctt els eat gag atg stt tot agt ggt gtg tgc 1392 

Thr Ala Ala Leu Asp Leu Leu His Glu Met Lie Ser Ser Gly Val Cys 

450 , 45S 460 

ect-aat gtc gtt set tgt ago act ttg etg gat ggt etc tgc gat aac 1440 

Pro Asn Val Val Thr Cys Ser Thr Leu Leu Asp Gly Leu Cys Asp Asa 

465 470 475 480 

SSS aaa eta aaa gat gea t.gg gaa etg ttt aag gtt $ • t - 1 3 

Gly Lys Lett Lys Asp Ala Trp Glu Leu Phe Lys Val Met Gin Lys Ser 

m 490 495 

sag atg gat ctt gat get agt oae ooc tto aat ggt gtg gaa cct gat 1536 

Lys Met Asp Leu Asp Ala Se.r His Pro Phe Asn Gly Val Glu Pro Asp 

, 500 505 510 

gi;t caa act tae aat ata ttg ate age ggc ttg ate aat gaa ggg aag 1584 

Val Gin Thr Tyr Asn lie Leu He Ser Gly Lets He Asa Glu Gly Lys 

515 520 525 

ttt tta gag get gag gaa tta tao aag gag atg ccc cac agg ggt ata 1.632 

Phe Leu Glu Ala Glu Glu Leo Tyr Lys Glu Met Pro His Arg Gly lis 

S30 536 • 540 

gtc cca gat act att ace tat age tea atg ate gat gga eta tgc aag 1680 

Val Pro Asp Thr He Thr Tyr Ser Ser Met He Asp Gly Lea Cys Lys 
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555 560 
get aca eaa aig tU gat teg atg ggt age 1?28 
Ala Thr Gin Met Phe Asp Ser Met Gly Ser 

570 575 
gta gtg acc ttt act aca etc att gat ggc 1776 
Val Val Thr Phe Thr Thr Leu He Asp Gly 

585 590 
gtt gat gat ggg ctg gag ett ttc tge gag 1824 
Val Asp Asp Gly Leu Glu Leu Ph© Cys Glu 

600 605 
gtt get aat aca att act- tae ate act ttg 1872 
Val Ala Asn Thr lie thr Tyx He Thr Leu 
616 620 

gtg ggt aat att sat ggg get eta gae att 1920 
Val Gly Asn lie Asn Gly Ala Leu Asp He 
635 640 
agt ggt gtg tat cct ggt ate att act ate 1968 
Sar Gly Val Tyr Pro Gly He He Thr lie 

650 655 
tta tgg agt aaa gag gaa eta aaa agg aca 2016 
Leu Trp Ser Lya Glu Glu Leu Lys Arg Thr 

665 670 
ctg cag atg agt gtg ggg tat cag ttg gag 2064 
Leu Gin Met Ser Val Gly Tyr Gin Leu Glu 



545 550 
cag age cge ctg gat gag 
Gin Sex Arg Leu Asp Glu 
565 

aag age ttc tot cea aae 
Lys Ser P'he Ser Pro Asa 
680 

tae tgt aaa gee gga agg 
Tyr Cys Lys Ala Gly Arg 
595 

atg ggt aga ags ggg at a 
Met Gly Arg Arg Gly He 
610 

att egt ggt tit cge aat 
He Arg Gly Phe Arg Asn 
525 630 
ttc cag gag atg att tea 
Phe Sin Glu Mat He Ser 
645 

cge agt atg ctg act ggt 
Arg Ser Mat Leu Thr Sly 
660 

gtg gca atg ctt gag gaa 
Val Ala Met Leu Glu Glu 

675 680 
gat gaa tga 
Asp Glu Xaa 



685 

2073 
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555 560 
get aca eaa aig tU gat teg atg ggt age 1?28 
Ala Thr Gin Met Phe Asp Ser Met Gly Ser 

570 575 
gta gtg acc ttt act aca etc att gat ggc 1776 
Val Val Thr Phe Thr Thr Leu He Asp Gly 

585 590 
gtt gat gat ggg ctg gag ett ttc tge gag 1824 
Val Asp Asp Gly Leu Glu Leu Ph© Cys Glu 

600 605 
gtt get aat aca att act- tae ate act ttg 1872 
Val Ala Asn Thr lie thr Tyx He Thr Leu 
616 620 

gtg ggt aat att sat ggg get eta gae att 1920 
Val Gly Asn lie Asn Gly Ala Leu Asp He 
635 640 
agt ggt gtg tat cct ggt ate att act ate 1968 
Sar Gly Val Tyr Pro Gly He He Thr lie 

650 655 
tta tgg agt aaa gag gaa eta aaa agg aca 2016 
Leu Trp Ser Lya Glu Glu Leu Lys Arg Thr 

665 670 
ctg cag atg agt gtg ggg tat cag ttg gag 2064 
Leu Gin Met Ser Val Gly Tyr Gin Leu Glu 



545 550 
cag age cge ctg gat gag 
Gin Sex Arg Leu Asp Glu 
565 

aag age ttc tot cea aae 
Lys Ser P'he Ser Pro Asa 
680 

tae tgt aaa gee gga agg 
Tyr Cys Lys Ala Gly Arg 
595 

atg ggt aga ags ggg at a 
Met Gly Arg Arg Gly He 
610 

att egt ggt tit cge aat 
He Arg Gly Phe Arg Asn 
525 630 
ttc cag gag atg att tea 
Phe Sin Glu Mat He Ser 
645 

cge agt atg ctg act ggt 
Arg Ser Mat Leu Thr Sly 
660 

gtg gca atg ctt gag gaa 
Val Ala Met Leu Glu Glu 

675 680 
gat gaa tga 
Asp Glu Xaa 



685 

2073 
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165 in m 

Met Phe Glu Thr Thr Cys Arg Pro ksn Val Val Thr Phe Thr Thr Leu. 

180 185 190 

Met Asa Gly Leu Cys Arg Glu Gly Arg lie Val Glu Ala Val Ala Lsu 

196 200 " 205 

Leu Asp Arg Met Met Glu Asp Gly Leu Gin. Pro Thr Gin lie Thr Tyr 

210 215 220 

Gly Thr He Val Asp Gly Met' Cys Lys Lys Gly Asp Thr Val Ser Ala. 
225 230 235 240 

Leu Asn Leu Leu Arg Lys Met 01c Glu Val Ser His lie lie Pro Asa 

245 m 256 

Yal Val He Tyr Ser Ala lie He Asp Ser leu Cys Lyss Asp Gly Arg 

260 26S 270 

His Ser Asp 'Ser Gin Am Leu Phe Thr Glu Met Glu Glu Lys Gly lie 

275 280 285 

Phe Pro Asp Leu Phe Thr Tyr Asn Cys Met He Asa Gly Phe Cys Ser 

290 295 300 

Ser Gly Arg Trp lie Asp Ala Glu Gin Leu Leu Gin Glu Met Leu Glu 
305 310 315 320 

Arg Lys lie Ser Pro Asp Val Val Thr Tyr Asa Ala Leu lie Asn. Ale 

325 330 335 

Phe Val Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Im Tyr Asp Glu 

340 345 350 

Met Leu Pro Arg Gly He He Pro Asa Thr He Thr Tyr Ser Ser Met 

355 360 365 

He Asp Gly Phe Cys Lys Gin Asia Arg Leu Asp Ala Ala Glu Bis Met 
370 375 380 
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Phe Tyr Leu Met Pro Thr Lys Sly Cys S&t Pro Asp Val Phe Hxr Phe 
385 390 395 4E>0 

Asa Thr Leu lie Asp Gly Tyr Arg Gly Ala Lys Arg lie Asp Asp Gly 

105 410 415 

Met Glu bsu Lea His Glu Met Thr Glu Ala Gly Leu Val Ala Asn Thr 

420 425 430 

Val Thr Tyr Asn Thr Leu lie His Gly Phe Cys Gin Val Gly Asp Leu 

435 440 . 445 

Thr Ala Ala Leu Asp Leu Leu His Glu Met lis Ser Ser Gly Val Cys 

450, 455 460 

Pro Asn Val Val Thr Cys Ser Thr Leu Lea Asp Gly Leu Cys Asp Asn 
465 470 475 480 

Gly Lys Leu Lys Asp Ala Ttp Gly Leu Phe Lys Val Met Gin Lys Ser 

488 490 495 

Lys Met Asp Leu Asp Ala Ser His Pro Phe Asa Gly Val Glu Pro Asp 

500 SGS 510 

Val Gin Thr Tyr Asn lis Leu lie Ser Gly lm He Asn Glu Gly Lys 

515 520 525 

Phe Leu. Glu Ala Glu Glu Leu Tyr Lys Giu Met Pro His Arg Gly lie 

530 535 540 

Val Pro Asp Thr lie Thr Tyr Ser Ser Met lie Asp Gly Lei; Cys Lys 
545 550 656 560 

Glu Ser Arg Leu Asp Glu Ala Thr Gin Met Phe Asp Ser Met Gly Ser 

565 570 575 

Lys Ser Phe Ser Pro Asn Val Val Thr Phe Thr Thr Leu He Asp Gly 

ES0 585 590 

Tyr Cys Lys Ala Gly Arg Val Asp Asp Gly Leu Glu Leu Phe Cys Glu 
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595 800 006 

Met Gly Arg Arg Sly He Val Ala Asn Tfcr lie Tfar Tyr He Thr Leu 

610 615 620 

lie Arg Gly Phe Arg Asn Val Gly Asn lie Asn Gly Ala Leu Asp lis 
825 630 635 640 

Phe Gin Glu Met lie Ser Ser Gly Val Tyr Pro Gly He lie Thr He 

646 650 655 

Arg Ser Met Leu Thr Gly leu Trp Ser tys Glu Glu Leu Lys Arg Thr 

660 665 670 

Val Ala Met Leu Glu Glu Leu Gin Met Ser Val Gly Tyr Gin Leu Glu 

675 680 685 

Asp Glu las 

690 
<210> 20 
<211> 518 
<212> DNA 

<213> Rapha&us raphanistruta 
<40O> 20 

a atg gas egc ccg gat ctt gtg att tct etc tat caa sag atg gaa agg 49 
Met Glu Arg Pro Asp Leu Val He Ser Leu Tyr Gin Lys Met Glu Arg 
1 5 10 15 

a®a cag att cca tgt gat gta tac age ttt aat att ctg ata aaa tgt 97 
Lys GIb He Pro Cys Asp Val Tyr Sex Phe Asn lis Leu He Lys Cys 

20 25 30 

ttc tgc agt tgc tct sag ctt ccc ttt get ttg tct aca ttt ggt aag 145 
Phe Cys Set Cys Sex Lys Lm Pro Phe Ala Leu Ser Thr Phe Gly Lys 
35 40 45 
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ate acc sag ctt gga etc eac cot gst gtt get ace ttc sac see ctg 193 
lis Thr Lys Leu Sly Leu lis Pro Asp Val Ma. Thr Phs Asn Thr Leu 

50 55 80 

etc eac gga tta tgt ctt gat sag agg gtt Let gaa gee ttg gat ttg 241 
Leu His Gly Leu Cys Leu Asp Lys Arg Val Ser Glu Ala" Leu Asp Leu 
65 70 78 ' 80 

ttt cat caa atg ttt gaa aeg aca tgt agg ccg aac ate ata acg ttt 289 
Pae His Gin Met Fhe Glu Thr Thr Cys Arg Pre Asn He lie Thr Phe 

85 90 96 

acc acg ctg atg aac ggt ctt tgc tac gag ggt sga gtt gte gaa get 337 
Thr Thr Leu Met Asn Gly Leu Cys Tyr Glu Gly Arg Val Val Glu Ala 

100 105 110 

gta get ctg ctt gat egg atg eta gm gat ggt etc cag set gee cag 385 
Val Ala Lea Leu Asp Arg Met Leu Gitt Asp Gly Leu Gin Pro Asp Gin 

115 120 126 

att act tac gga aea att gta gac ggg atg tgt aag atg gga gae act 433 
lie Thr Tyr Gly Thr lis Val Asp Gly Met Cys Lys Met Gly Asp Thr 

130 135 140 

gtg tct gca ttg aat ctt ctg sgg aag atg gag gag ttg age eac ate 481 
Val Ser Ala Leu Ass Leu Leu Arg Lys Met Glu Glu Leu Ser His He 
145 180 155 160 

aaa eec sat gtg gta ate tat agt gee ate att ga 516 
Lys Pro Asn val Val He Tyr Ser Ala He lis 
165 170 

<210> 21 
<211> 171 
<212> DMA 
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<213 Raphanu ? rap i a rr st rum 
<400> 21 

Met Glu Arg Pro Asp leu Val tie Ser Leu Tyr Gin Lys Met Glu Arg 

1 5 10 15 

iys Gin lis Pro Cys Asp Y&l Tyr Ser Phe Asn lie Leu lie Lys Cys 

20 2S 30 

Phe Cys Ser Cys Ser Lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys 

35 40 45 

He Tkr Lys Leu Gly Leu His Pro Asp Val Ala Thr Phs Asa Thr Leu 

50 55 60 

Uu His Gly Leu Cys Leu Asp Lys Arg Yal Ser Glu Ala Leu Asp Leu 
65 70 75 80 

Phe His Gin Met Phe Glu Thr Thr Cys Arg Pro Asn lis lie Thr Phe 

8S 90 95 

Thr Thr Leu Met Asn Gly Lea Cys Tyr Glu Gly Arg Val Val Glu Ala 

100 105 110 

Val Ala lm Leu Asp Arg Met Leu Glu Asp Gly Leu Gin Pro Asp Glu 

US 120 125 

He Thr Tyr Gly Thr lie Val Asp Gly Met Cys Lys Met Gly Asp Thr 

130 135 140 

Val Ser Ala Leu Asn Leu Leu Arg Lys Met Glu Glu Leu Ser His He 
145 150 155 160 

Lys Pro Asn Val Val lie Tyr Ser Ala lie lie 
165 170 

<2i0> 22 
<2ll> 2073 
<212> D&k 
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<213> Raphamss 
<400> 22 

tgtiggcta tttgtgg a i t 

ttgtietgta cgagategat fccgtgatact 

a^~.a ac -t"t^ L . u , ' tl . a „ !-t ^ 

s;: -ra?a — a:o _at- v - t rl gt 

gtggtt t ic i3tt gatgggtgtg 

a i . i : : : ■ ira r a-ac it e x . u ; 

t^iti,, i, u t L " T iv. t 

ttrtgystkg awxakagggk ttetgaagey 
rcatgtaggc csaayxtcrt aaest '.yac: 
agarttgtcg aagcygtagc tctrcttgat 

111 T~-, - t I ' ' , 

ytgaatotkc tgaggaagat ggagg&gktg 
ag n '1 , Ug gee tgtaaaga 

" '-t i_ ' i , r i: adtctltccK 

ggkttttgta gctctggtsg atggakcgac 
igg aga ca r_ - ugatgt tgtaacttat 
i- t :l-,u,p iga agaattatac 
aatacaatea itaUsgU at: 

i ^ 1 i - i - . 

" "< % ' I" >i > at - + ^-.^ i 

L, < < t , 1 } Ult X ^ It ~ lgtt _^ t 

> i ' ' n < t 

i ! J* 2 f I * ~ ' I " ^ 1 

U 1 1 L 3^ 1 k Mlt 1 



tcttcttctc 


ctgotgsfgto 


tgeggvtaga 


60 


ctggecaagg 


caagcrgrga 


krorsannngt. 


120 


aagctgcaaa 


gGgggtttea 


tgaaateaaa 


180 


gacstgcttc 




tttaecttct 


240 


gtggtgagra 


tgraaegece 


ggatsttgtg 


300 


crsattcsat 


gtgatryata 


cagcttysat 


360 


aagctbecot 


ttgctttgtc 


taaatttggt 


420 


gttgytacct 


tcaacac oct 


k c t t?c a v gga 


480 


ttgratttkt 


ttcstcaaat 


gtttg&sacg 


540 


aekytgatga 


acggtctttg 


cyrcgsgggt 


600 


cggatgmtrg 


aagatggtct 


ccagcctrmc 


660 


atgtgtasga 


wgggagayao 


tgtgtctgca 


720 


agccacatca 


wacecaatgt 


kgtsatctat 


780 


ggacgtcata 


gcgatkcwca 


aaa t c 1 1 1 X c 


840 


gatttattta 


cctacaacwg 


tatgatmTwy 


900 


gcggascagt 


tgttgcaaga 


aatgitagaa 


980 


aatgctttga 


tcaatgcatt 


igteaaggaa 


1020 


gatgagatgc 


ttccwsgggg 


tataatccct 


1080 


ggattttgca 


aacagaatcg 


tcttgatgct 


1140 


aagggctgct 




awtcacttto 


i f - 


aagaggatag 


atgatggaat 


ggaaettctc 


1260 


raeaearyta. 


cttacaacae 


tcttsttcac 


1320 


getctagacc 


ttytaeawga 


g&tgatytct 


1380 


rrcactttge 


tggatggtct 


ctgcgataay 


1440 


aaggttatgc 


agaagagtaa 


guwggatctt 


1600 
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t . u< 1 ea- ~ ^ u t t a t U 1580 

v >ottL "er 1 i- S a s-tl t <-i. a 1820 

cacaggggta tagteccaga tactatyace tatagctcaa tgstcgatgg ayiatgcaag 1680 

a, ,ns^ tl L fc .Cii -3 ^ -tt^ t ^ i t H < i 1i 1740 
1 - ' .it f t " \ teal kt j^tj 1 1 

- U< I i l- > i'd,'.7 ngea, i - i„ _ ^ ^ t ct 1860 

tacatcaett tgattygtgg ttttcgyaaw gtgggtaata ttaatggggc tctagacatt 1920 

fctccaggaga tgatttcaag tggtgtgtat cctgrtayca ttaeyatccg cartatg 1980 

actggtttat gg *g aaai a i&aactaaaa aggrcagtgg caatgcttga grsaeigeag 2040 

sigagtrtgg rkywwymrtt kgrggrwkra tga 2073 
<210> 33 
<211> 2073 
<212> Wk 
<213> Raphanus 
<400> 23 

at.gttggexa gggtttgtgg attcaagtgt tcttcttctc ctgctgwgtc tgcggeiaga 60 

ttgttctgta cgagatcgst togtgataet ctggecaagg csagcrgrga knrnnnnngt 120 

v -i'^"i-"A ir .t^u^gg agagagtttg eagctgcaaa gtgggtttcs tgsaatcaaa ISO 

ggtttagagg atgcgattga tttgttcagt gaeatgcttc gatetcgtcc tttacettct 240 

gtggttgatt tctgtaaatt gatgggtgtg gtggtgagra tgraacgcce ggatsttgtg 300 

1 etc toy atraagaagat gg akgran crsattesat gtgatryata cagcttcaat 380 

it^j.-rj! an, f 1 '< , agrtscoct ttgeUtgt tcK T t 420 

-i t < ~ n i' i l^acct -occaccct kctecaygga 480 

ttrtfcygt%g aai-.MgtcL tic g «dgt - f - t j a tt* o<i 540 

T«.it^3 t M v -a t i ™ + -<-a a U it l - (500 

il h » a*^„ -> ~ t — i l _^ U- i -f i ! (500 

of arg^ il > h if i 1 t j i 720 
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tggatggtct ctgcgstaey 


1440 










agaagagtaa gawggstct t 


1500 


F; I ' C 1". FS £; T t ■ 








aaacttacaa tataStgatc 


156(3 


^ C C T- 1 '5 ft 


LA,*., a ^W^g 


^ f i j?" t. "t "t It "t ^ 




ttatscra gg igstgi 1620 


p.. 




'■■oC I U- 1 




tgategatgg aytajtgcaag 1880 






^ ■ ii 0 ?! C ft B Q t § 




* aggt aa gag ! 


1740 




t C X fc 't s c 






gtsargoagg aagggttgat 


1800 




3 £ C T, t "t X, C 1. £ 






tagttgctss yrcaattact 


i860 


taeatcaett 


tgettygtgg 


ttttcgyssw 


gtgggtaata 


ttaatggggc tctagacatx 1920 


ttccaggaga 


tgaiiteaag 


tfgtgtgtst 


ce-tgrt&ysa 


- a. - ^ cirtsc^ct^ 1%U 


aetggtttat 






aggrcagtgg 


caatgcttga graactgcag 


2040 


atgsgtrtgg 


rkywwyarrtt 


kgrggrwkra 


tga 




2073 



<210> 24 

<211> 2064 

<212> SWA 

<2I3> Eaphanus 
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<400> 24 






atgttggeta 


gggtttgtgg 


attcaagtgt 


ttgttctgta 


cgagategat 


tcgtgatact 


gcaggttttg 


gaggagagag 


tttgaagctg 


gaggatgcga 


ttgatttgtt 


cagtgacatg 


g&tttctgta 


aattgatggg 


tgtggtggtg 


ctctatcara 


sgatggaaag 


gaaaeagatt 


ataaaatgtt 


tctgcagytg 


otctaagaty 


accaagettg 


gactccaccc 


tgatgttgyt 


stkgawraka 


gggtttotga 


agcyttgrat 


aggccsaayr 


tcrta&cstt 


yaccackytg 


gtcgaagcyg 


tagotctgct 


tgatoggatg 


aettayggaa 


caatygtaga 


ygggatgtgt 


ctfcctgagga 


agatggagga 




at cat t gat a 


gcttttgtaa 


agacggacgt 


atgcaagaga 


aaggaatctt 


tcccgattia 


tgtagctctg 


gtagatggag 


cgacgcggag 


atcagccctg 


atgttgtaae 


ttataetgct 


ttctttgagg 


etgaagaatt 


atacgstgag 


atcacatsta 


gttcaatgat 


cgatggattt 


cacatgtttt 


atttgatggc 


taccaagggc 


otcatagacg 


gatattgtgg 


ggctaagagg 


atgactgaaa 


caggattagt 


tgctgaeaca 


i-i- ^- .^^ y- ^..^ 


gcsatcttaa 


X i y C % go t C t ft 


ttgigccctg 


atatcgttac 


ttgtgaeact 


etaaaagatg 


cattggaaat 


gtttaaggtt 


agtcacecct 


teaatggtgt 


ggaacctgat 



tcttcttotc 


etgetgagtc 


tgcggctaga 


60 


etggccaagg 


caagoggaga 


gagttgcgaa 


120 


caaagtgggt 


ttcatgaaat 


caaaggtita 


180 


cttcgatctc 


gtcctttacc 


ttctgtggtt 


240 




gcecggatct 


tgtgatttct 


300 


csatgtgatr 


tataeagctt 


yaatattotg 


360 


ccetttgett 


tgtctacatt 


tggtaagatc 


420 


accttcamca 


ccctgctooa 


yggattrtgy 


480 


ttktttcatc 


aaatgtttga 


aacgacatgt 


540 


atgaacggto 


tttgcyroga 


gggtagartt 


600 


satrgaagatg 


gtetccagcc. 


tmccagatt 


660 


aagawgggag 


ayactgtgto 


tgoaytgaat 


720 




atgtkgtaat 




780 


catagcga'tg 


oacaaaatct 


tttcactgaa 


840 


tttacctaca 


acagtatgat 


agttggtttt 


900 


eagttgttge 


aagaastgtt 


agaaaggaag 


960 


ttgatcaatg 


eatttgtcaa 


ggaaggcaag 


1020 


atgcttccaa 


ggggtstast 


ccotaataca 


1080 


tgcaaacaga 


atcgtcttga 


t get get. gag 


1140 


tgctctccca 


acctaatcac 


ttteaatact 


1200 


atagatgatg 


gaat-ggsact 


tctccatgag 


1280 


sc tact Xaca 


acactct'tat 


teaegggite 




gaccttttac 


aagsgatgat 


ctctagtggt 


1380 


ttgctggatg 


gtctctgoga 


taatgggaaa 


1440 


atgcagaaga 


gtaagaagga 


tettgatget 


1500 


gttcaaactt 


acaatatatt 


gatcagegge 


1560. 
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T i t, u t 1l -j ^ < t j , u .<1 - ..cicsgg .1620 
"it- * < i*. ~* tit a- d 3 \«3\,f u .i *pattatg rsr v -,t> ? 1680 

egcetagatg sggetacaca aatgtttgat fccgatgggta gcsagagctt :-t tceaaa; 1740 

■sta cgacct ttactacact catta tgg« i gtaagg ggsa ggt - gg 1B(H 

t f g ^ c^it,. t a f i id a c 1860 

lit _> tti j-1 i r.oa,-^.- t f*i , , i ,, tl t 1920 
gagatgattt caagtggtgt gtatcctgat accattacca tccgcaatat getgaotggt 1980 

tUit^a^a aagag^aao L aaaaagggca gtggcaatgc t.tgpgppcnt goagntgngt 2040 

atggatctat catttggggg atga 2064 
<2lO> 26 
<211> 2064 
<212> UNA 
<213> Raphanus 
<400> 26 

atgttggcta gggtttgtgg attcaagtgt tcttcttctc etgetgagtc tgeggctaga 80 

ttgttctgta egagatcgat tcgtgatact ctggccaagg caageggaga gagttgcgaa 120 

gcaggttttg gaggagagag tttgaagctg caaagtgggt ttcatgaaat caaaggttta 180 

ww.r.wm ttgaUtgtt cagtgacatg 'cUcgatctc gtcctttacc ttctgtggtt 240 

gatttetgta aattgatggg tgtggtggtg agaatggaac gcccggatet tgtgatttet 300 

"i ^ ssj l t i jga 1 1 gatgtgat tatacagctt caatatt-ctg 360 

ataaaatgtt tctgcagctg atctaagctc ccctttgctt tgtetacatt tggtaagratc 420 

i aat fctg act cacao traT s -T. + a fctcacca icctgetcc* ygg it t> 480 

K . "~ t 1 ( l _> „ t t kttmv r>-^ „'T~~i>- o i.^cr^tgt 540 

^« , 5 jr 3t rii tt^ at^a^c Ot^-T i, , ->i fi 600 

<-3^t i i son 

- t t,<, i i t ii i t j, - -i < ~c-<. tat '720 

< s?e ?agg jatsgae^'* ttua i< atcataccca a gtt^taas ctatagtgca 7S0 
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, atcattgata 


gc c 1 1 1 g t as agae ggac gt 


atgcaagaga 


aaggaatctt tcccgattta 


tgtagetctg 


gtagatggag cgacgeggag 


atcagccctg 


v <i ^c.itfd i ta t£ ' c l ; 


ttetttgagg 




atcacatata 


gttcaatgBt cgalggattt 


cacatgtttt 


atttgatggc taecaaggge 


cteatag&eg 


gatattgtgg ggetsagagg 


atgactgeaa 


• i : - ;o fcgacjaca 


tatctggtgg 


gegatettaa tgetgctcta 


ttgtgcectg 


atategttae ttgtgaeact 


ctaaaagatg 


cattggaaat gtttaaggtt 


agteacceet 


teaatggtgt ggaacetgat 


ttgatcaatg 


aagggaagtt tttagaggcc 


ggtatagtcc 


cagataetat caectatage 


cgectagatg 


aggetacaea aatgtttgat 


gtagtgaeet 


ttactacact eattaaiggc 


ctggagcttt 


tctgcgagat gggtcgaaga 


actttgsttt 


gtggttttcg taaagtgggt 


gagatgattt 


eaagtggtgt gtatccigat 


ttatggagta 


aagsggaaet aaasagggca 


atggatctat 


eatttggggg alga 


<210> 26 




<211> 890 




<212> PRT 




<213> Raphanus 


<22€> 





catagegatg i - ■ rrt a^~aa 840 
^ ^ + i < < a t tu:ug:l;t 0«jt» 
cagttgttgc aagaaatgtt agaaaggaag 960 
ttgatcaatg eatttgteaa ggaaggcaag 1020 
at' I iU aa gggtotaat d :tsataca 10S0 
i^i^'_<.i^i a tea ^ts^tgag U40 

tgctetceca acetaatcac tttcaatact 1200 
atagatgatg pmtgga ci t t:< atgag 1260 
aetaettaca acactettat tcacgggtte 1320 
gaccttttac sagagatgat ctctagtggt 1380 
ttgatggatg gtctetgcga taatgggaaa 1440 
atgcagaaga gtaagaagga tcttgatgct 1500 
gttcaaaett acaatatatt c, \ » ,u ir«fi« 
gaggaattat aegaggagat gccccacagg 1620 
tcaatgatcg atggattatg eaageagagc 1680 
tcgatgggts gcaagagctt ctctoeaaac 1740 
tactgtaagg caggaagggc U i _i t -;<'(> 
gggatagttg ctsacgcaat tacttacatc I860 
aatattaatg gggctetaga cattttccag 1920 
accattacca tccgcaatat getgactggt 1980 
~f_ ua - r L , j <i? j, j_ > f 
2064 
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<222> m 

<223> filu or Val 
' <221> Xaa 
<222> 36 

<223> Arg or non© 
<22i> Xaa 

223 37, Asp or no 
<22I> Xaa 
<222> 95 

<223> Qiu or Lys 
<221> Xaa 
<222> 99 

<223> leu or Val 
<221> Xaa 
<222> 104 
<223> Tyr or His 
<221> Xaa 
<222> 105 
<223> Gin or Lys 
221. Xaa 
<222> .109 
<323> Arg or Met 
<221> Xaa 
<222> 110 
<223> Lys or Arg 
<221> Xaa 
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222 






<223> 


Gin 


or Arg 


<221> 


Xaa 




<222> 


113 




<223> 




or Fro 


<221> 






<222> 


115 




<223> 


lie, 


Ala or Vai 


<221> 


Xaa 






142 




<223> 




or He 


<221> 






<222> 


152 




<223> 


Val 


or Ala 


<22.1> 






<222> 


155 




<223> 


Thr 


or fen 


<221> 


}.,.<a 




<222> 


163 




\223. 


m, 


or Leu 


<22I> 


Xaa 




222 


164 




-223 


Glu or Asp 


•22 1 


Xaa 




<222> 


165 




<223> 


Asp, 


Asm or Lys 


<22X> 


Xae 
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<222> 167 

<223> Val or Gly 

<22l> Xaa 

<222> 172 

<223> Asn or Asp 

<221> Xaa 

<222> 173 

<223> Ley or Phe 

<221> Xaa 

<222> 186 

<223> Val or He 

<221> Xaa 

<222> IS? 

<223> Val or He 

<22I> Xaa 

<222> 198 

<22S>. Arg or Tyr 

<221> Xaa 

<222> 2D2 

<223> He or Val 

<22 I > Xaa 

<222> 213 

<223> Met or Leu 

<221> Xaa 

<222> 220 

<223> Thx or Asp 

<221> Xaa 
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<222> 234 

223 Lys or Met 
<221> Xas 
<222> 250 

223> Val or Ley 
<221> Xsa 
<222> 254 
■ 223*; lie oi Lys 
<221> Xaa 
<222> 276 
<223> Ala or S«r 
<22I> foa 
<222> 297 
<223> Ser or Cys 
<221> Xaa 
<222> 300 
<223> Val or Asn 
<22I> Xaa 
<222> 309 
<223> Ser or He 
<221> Xaa 
<222> 380 
<223> Ala or Pro 
<221> Xaa 
<222> 396 
<223> Asn or Asp 
<22i> Xaa 
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<222> 397 

<223> leu or ¥sl 

<221> Xaa 

<222> 398 

<223> He or Phe 

<221> Xas 

<222> 408 

<223> Cys or Arg 

<221> Xaa 

<222> 426 

<223> Tlrr or Ala 

<221> Xaa 

<222> 431 

<223> Asp or Asn 

<221> Xas 

<222> 433 

<223> Hit or Val 

<22.1> Xm 

<222> 443 

<223> Tyr or Cys 

<22I> Xaa 

<222> 444 

<223> Leu or Gin 

<221> JEaa 

<222> 449 

<223> Asa or Thr 

<221> Xaa 
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<222> 456 

<223> Gin or His 

<221> Xaa 

<222> 463 

<223> Leu or Yal 

<221> Xaa 

<222> 466 

<223> Asp or Asn 

<221> Xaa 

<222> 467 

<223> lis or Yal 

<221> Xaa 

<222> m 

<223> Asp or Ser 

<221> Xaa 

<222> 487 

<223> Leu or Trp 

<221> Xaa 

<222> 489 

<223> Met or Leu 

<22i> Xaa 

<222> 498 

<223> Lya or Met 

<22I> X&s 

<223> Glu or Lys 
<22.l> Xaa 
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<222> 591 

<223> Asn or Asp 

<221> Xaa 

C222> 618 

<223> Ala or Tbr 

<221> Xaa 

<222> 626 

<223> Cys or Arg 

<22i> Xaa 

<222> 630 

<223> Lys or hsn 

<221> Xaa 

<222> 652 

<223> Asp or Gly 

<221> Xaa 

<222> 653 

<223> Thr or lie 

<221> Xaa 

<222> 85S 

<223> Asn or Ser 

<22I> Xaa 

<222> 872 

<223> Ala or Thr 

<221> Xaa 

<222> 678 

<223> Lys or Glu 

<221> Xaa 
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222 


f>83 






>-'223> 


Met 




Val 


<221 ■ 








2222) 


684 






<223> 






Gl-v 




Xns 






<322> 








<223> 






Tvr 
t y.l 


-"221 > 








<222> 


3x6 






<223> 


Ser 




Gin 


<22I> 


Xaa 






<222> 


637 






^223> 


File 




L- 


<221> 








<222> 


633 






<223> 


G'iv 




Glu 


<22I 2 


Xaa 






C222> 








v.'32 - 


t . j v 




Asp 


<22l> 


Xsa 






<222> 


6SO 






<223> 


Glu 


or 


nous 


<400> 


26 







Met Leu Ala Arg Val Cys Giy Phe Lys Cys Ser Ser Ser Pro Ala Xaa 

1 5 10 1.5 

Ser Ala Ala Arg Leu ILr Cys Thr Arg Ser lie Arg Asp Lhx Leu A3.?. 
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20 25 30 

Lys Ala Ser Xaa Xaa Gly Gltt Ser Cys Glu Ala Gly Phe Gly Gly Glu 

35 40 45 

Ser Leu Lys Leu Sin Ser Gly Phe His Gin He Lys Gly Leu Glu Asp 

50 55 60 

Ala lie Asp Leu Phe Ser Asp Met Leu Arg Ser Arg Pro Leu Pro Ser 
65 70 75 80 

Val Val Asp Phe Cys Lys Leu Met Gly Val Val Val Arg Met Xaa Arg 

85 90 95 

Pro Asp Xaa Val lie Ser Leu Xaa Xaa Lys Met Glu Xaa Xaa Xaa lie 

100 105 no 

Xaa Cys Asp Xaa Tyr Ser Phe Asa lie Leu lie Lys Cys Phe Cys Ser 

115 120 125 

Cys Ser Lys Leu Pro Phe Ala Lea Ser Thr Phe Gly Lys Xaa Thr Lys 

130 135 140 . . 

Leu Gly Leu His Pro Asp Val Xaa Thr Phe Xaa Thr Leu Leu His Gly 
145 150 155 160 

Leu Cys Xaa Xaa Xaa Arg Xaa Ser Glu Ala Leu Xaa Xaa Phe His Glu 

' 165 170 175 

Met Phe Glu Thr Thr Cys Arg Pro Asa Xaa Xaa Thr Phe Thr Thr Leu 

180 185 190 

Met Asa Gly Leu Cys Xaa Glu Gly Arg Xaa Val Glu Ala Val Ala Leu 

195 200 205 

Leu Asa Arg Met Xaa Glu Asp Gly Leu Gin Pro Xaa Gin He Thr Tyr 

210 216 220 

Gly Thr lie Val Asp Gly Met Cys Lys Xaa Gly Asp Thr Yal Sar Ala 
225 230 235 240 
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Leu Asn Leu I .u Arg Lys Met Glu Glu Xaa Ser His < las Pro Asn 

245 250 25b 

Val Val He Tyr Ser Ala lie lis Asp Ser Leu Cys Lys Asp Gly Arg 

260 265 270 

His Ser Asp Xaa Gin Asn Lea Phe Thr Glu Met Gin Glu Lys Gly He 

.275 2SO 285 

Phe Pro Asp Leu Phe Thr Tyr Asn Xaa Met lie Xaa Gly Phe Cys Ser 

290 • 295 300 

Ser Gly Arg T-p Xaa Asp Ala Glu Gin Leu Leu Glu Glu Met Leu Glu 
305 310 315 320 

Arg Lys lie Sex Pro Asp Val Val Thr Tyr Asa Ala leu lis Asn Ala 

325 330 335 

Phe Val Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Leu Tyr Asp Glu 

340 345 350 

Met Leu Pro Arg Gly He lie Pro Asa Thr II© Thr Tyr Ser Ser Met 

355 360 365 

lie Asp Gly Phe Cys Lys Gin Asa Arg Leu Asp Ala Ala Glu His Met 

370 375 380 

Phe Tyr Leu Met Xaa Thr Lys Gly Cys Ser Pro Xaa Xaa Xaa Thr Phe 
385 390 395 400 

Asn Thr Leu He Asp Gly Tyr Xaa Gly Ala Lys Arg He Asp Asp Gly 

406 410 415 

Met Glu Leu Leu His Glu Met Thr Glu Xaa Gly Leu Val Ala Xaa Thr 

420 425 430 

Xaa Thr Tyr Asn Thr Leu lie His Gly Phe Xaa Xaa Val Gly Asp Leu 

435 440 MS 

Xss Ala Ala Leu Asp Leu Leu Xaa Gla Met lie Ser Ser Gly Xaa Cys 
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450 455 460 

Pro Xas Xaa Val Thr Cys Xaa Thr tm Leu Asp Gly Leu Cys Asp Asn 
465 470 47S 480 

Gly Lys Leu Lys Asp Ala Xas Glo Xaa Phe Lys Val Met Gin Lys Ser 

485 490 495 

Lys Xaa Asp Leu Asp Ala Sar His Pro Phe Asn Gly Val Gin Pro Asp 

500 505 510 

Val Gin Thr Tyr Asn He Uu IU Ser Gly Leu He Asn Glu Gly Lys 

515 520 525 

Phe Lsu Glu Ala Glu Glu Leu Tyr Xaa Glu Met Pro His Arg Gly lie 

530 535 540 

Val Pro Asp Thr lie Thr Tyr Ser Sex Mat He Asp Gly Leu Cys Lys 
545 S50 555 560 

Gin Ser Arg Leu Asp Glu Ala Thr Gin Met Phe Asp Ser Met Gly Ser 

565 S7G STB 

Lys S*r Phe Ser Pro Asn Val Val Thr Phe Thr Thr Leu He Xaa Gly 

5S0 585 590 

Tyr Cys lys Ala Gly Arg Val Asp Asp Gly leu Glu Leu Phe Cys Glu 

595 600 605 

Met Gly Arg Arg Gly He Val Ala Asn Xaa He Thr Tyr He Thr Leu 

610 615 620 

lie Xaa Gly Phe Arg Xaa Val Gly Asn He Asn Gly Ala Leu Asp He 
625 630 635 640 

Phe Gin Glu Met He Ser Ser Gly Val Tyr Pro Xaa Xaa Ha Thr He 
645 660 656 

Met Lea Thr Gli su Trp ^er L^s Git f ?u Lys Arg aa 
660 666 670 
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Val Ala Met Leu Glu Xaa Lsu Gin Met Sar Xaa Xaa Xaa Xaa Xaa Xaa 
675 680 685 

Xaa Xaa 
690 



<210> 


27 


<211> 


690 


<212> 


FRT 


<213> 


Ranbanai" 


, 2;. < > 




<22i> 


Xsa 


<222> 


16 


<223> 


fiXu or Va! 


<22I> 




<222> 


36 


<223> 


Arg' or norw 


<221> 


Xaa 


<223> 


37, Asp or 


<221> 




■'222" 


95 


<223> 


Glu or lys 


<221> 


Xaa 


<222> 


99 


<223> 


leu or Val 


<22I> 


Xaa 


<222> 


104 


<223> 


Tyr or His 


<221> 
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<222> 106 

<223> Gin or Lya 

<221> Xaa 

<222> 109 

<223> Arg or Met 

<222> 110 

<223> Lys or Arg 

<222> 111 

<223> Gin or Arg 

<221> Xaa 

<222> 113 

<223> Arg or Pro 

<221> Xaa 

<222> 116 

<223> lie or Ala 

<221> laa 

<222> 142 

<223> Leu or lie 

C2.2D Xaa 

<222> 165 

<223> Asp or Asa 

<22I> Ssa 

<222> 187 

<223> Val or Gly 

<221> Xsa 
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<222> 398 

<223> He ox Phe 

<221> Xaa 

<222> 408 

<223> Cys or Arg 

<221> Xaa 

<222> 426 

<223> Thr or Ala 

<221> Xaa 

<232> 43 i 

<223> Asp or Asa 

<221> Xaa 

<222> 433 

<223> Thr or Val 

<221> Xaa 

<222> 443 

<223> Tyr or Cys 

<221> Xaa 

<222> 444 

<223> Leu or Gin 

<221> Xaa 

<222> 449 

<228> Asn or Thr 

<221> Xaa 

<2-22> 456 

<22S> GIh or His 

<221> Xaa 
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<222> 


i>:2> 






<223> 






Val 


<221> 








<222> 


466 






<223> 




or 


Asn 


<22I> 


Xaa 






222. 


467 






<223> 


lie 




Val 


<221> 


Xaa 






<222> 


471 






<223> 


Asp 


or 


Ser 


<221> 


Xaa 






222 


487 












Trp 




v ( 






<222> 


189 






<223> 


Mm- 


or 


Leu 


<221> 








222> 


498 






<223> 






Met 


<22I> 










537 








Glu 




Lys 


\221> 


Xaa 






<'o*>2> 


591 






<223> 


Asn. 


or 


Asp 


<22I> 


Xaa 
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<222> 


618 






<223> 


AU 


or 


Thr 


<221> 


Xaa 






<222> 


626 






<223> 


Cys 


or 


Arg 


<22I> 


1m 






• 222> 


630 






<223> 


Lfs 


or 




<22.!> 


X&a 






<222> 


652 






<223> 


Asp 


or 


Gly 


<221> 


Xaa 






<222> 


653 






<223> 


Thr 


02- 


He 


<221> 


Xaa 






<222> 


658 






<223> 


Asn 


or 


S©r 


<221> 

<999 , 


Xaa 






<223> 


Ala 


or 


Thr 


<221> 


Isa 








t 






<223> 


Lys 


or 


Glu 


<221 > 








<222> 


683 






<223> 


Met 


or 


Val 


<221> 
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<222> 


684 




<223> 


Asp or 


Gly 




Xaa 




<222> 


685 




<223> 


Lay or 


Tyr 


<221> 
<222> 


Xaa 
6SS 




<223> 


Ser or 


Gin 


<22i> 


Xaa 




<222> 


687 




<223> 


Phe or 


Leu 


<22I> 


Xaa 




<222> 


688 




<223> 


Gly or 


Glu 


<22i> 


Xaa 




<222> 


689 




<223> 


Gly or 


Asp 


<22I> 


Xaa 




<222> 


690 




<223> 


GIu or 




<400> 


2? 





M&t Leu Ala Arg Val Cys Gly Fha Lys Cys Ser Ser Ser Pro Ala Xaa 

i 5 10 15 

Ser Ala Ala Arg Lm Pfae Cys Thr Arg Ser He Arg Asp Tbr Leu Ala 

20 25 30 

Lys Ala Ser Xaa Xaa Gly Glu Ser Cys Glu Ala Gly Phe Gly Gly Glu 
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Ser Leu Lyss Leu Gin Ssr Gly Phe His Glu He Lys Gly Leu GH Asp 

60 55 60 

Ala He Asp Leu Ph.® Ser Asp Met Leu Arg Ser Arg Fro Leu Pro Ser 
65 70 75 ■ 80 

Val Val Asp Fhe Cys Lys Leu Met Gly Val Val Val Arg Met Xaa Arg 

85 90 95 

Px K$p Xaa. V, il 4 ^ j » u i £aa Lys Met »i i 1 *n Saa ii, 

100 105 110 

Xaa Cys Asp Xaa Tyr Ser Phe Asn He Leu He Lys Cys Phe Cys Ser 

115 120 125 

Cys Sor Lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys Xaa Thr Lys 

130 135 140 

Uu Gly Lexi His Pro Asp Val Val Thr Phe Thr Thr Leu Leu His Gly 
145 ISO 155 160 

Leu Cys Val Glu Xaa Arg Xaa Ser Glu Ala Leu. Xaa Xaa Phe His Gin 

165 170 175 

Met Phe Glu Thr Thr Cys Arg Pro Asa YaX Val Thr Phe Thr Thr Leu 

ISO 185 190 

Met Asm Gly Leu Cys Arg Glu Gly Arg He Val Glu Ala Val Ala Leu 

195 200 205 

Leu Asp Arg Met Met Glu Asp Gly Leu Glu Fro Thr Gin He Thr Tyr 

210 215 220 

Gly Thr He Val Asp Gly Met Cys Lys Lys Gly Asp Thr Val Ser Ala 
225 230 235 240 

Leu Asm Leu Leu Arg Lys Met Glu Glu Val Ser His lis He Pro Asa 

246 250 255 

Val Val lie Tyr Ser Ala He lie Asp Ser Leu Cys Lys Asp Gly Arg 
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.260 265 270 

His - isp Xaa Gl Leu Ph hr Glu M Gin a 1 - le 

275 280 285 

Phe Pro Asp Leu. Pfa© Thr Tyr Asn Xaa Met lie Xaa Gly Phe Cys' Ser 

290 295 300 

Ser Gly tog Xrp las Asp Ala Glu Gin Leu Leu Gin Giu Met Leu Glu 
305 310 316 320 

Arg Lys lie Ser Pro Asp Val Val Thr Tyr Asn Ala Leu lis Asn Ala 

325 330 33S 

Phe Val Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Leu Tyr Asp Glu 

340 345 350 

Met Leu Pro Arg Gly He lis Pro Asn Thr He Thr Tyr Ser Ser Met 

355 360 m 

lis Asp Gly Phe Cys Lys Glu Asn Arg Leu Asp Ala Ala Glu Bis Mat 

370 375 380 

Phe Tyr Im Met Xaa Thr Lys Gly Cys Ser Pro Xaa Xaa Xaa Thr Phe 
386 390 3&S 400 

Asn Thr Leu lie Asp Gly Tyr Xaa Gly Ala Lys Arg He Asp Asp Gly 

405 .410 415 

Met Glu Leu Leu His Glu Met Thr Glu Xaa Gly Leu Val Ala Xaa Thr 

420 425 430 

Xaa Thr Tyr Asn Thr Leu lie His Gly Phe Xaa Xaa Val Gly Asp Leu 

435 440 44S 

Xaa Ala Ala Leu Asp Leu Leu Xaa Glu Met He Ser Ser Gly Xaa Cys 

450 455 460 

Pro Xaa Xsa Val Thx Cys Xaa Thr. Leu Leu Asp Gly Leu. Cys Asp Asn 
466 470 475 480 
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Gly Ifs Iw Lys Asp Ala Xaa Glu Xaa Phe Lys Ynl Met Gin Lys Ser 

485 ■ 499 495 

Lys Xaa Asp Leu Asp Ala Sa.r His Pro Phe Asm Gly Val Glu Pro Asp 

500 505 BIO 

Val Gin Thr Tyr Ass He Uu lie Ser Gly Leu He Ask Glu Gly Lys 

515 520 525 

Phe Leu Glu Ala Glu Glu Leu Tyr Xaa Glu Mat Pro His Arg Gly lie 

530 535 540 

Val Pro Asp Thr He Thr Tyr Ser Ser Met Tie Asp- Gly Leu Cys Lys 
545 550 SSS 560 

Gin Ser Arg Leu Asp Glu Ala Thr Gin Met Phe Asp Ser Met Gly Ser 

565 570 5TB 

Lys Ser Phe Ser Pro Asm Val Val Thr Phe Thr Tbr Leu He Xaa Gly 

S80 588 590 

Tyr Cys Lys Ala Gly Arg Val Asp Asp Gly Leu Glu leu Phe Cys Glu 

596 600 605 

Met Gly Arg Arg Gly He Val Ala Asa Xaa He Thr Tyr He Thr Leu 

510 615 620 

He Xas Gly Phe Arg Xaa Val Gly Asn He Ass Gly Ala Leu Asp lie 
625 630 635 640 

Phe Gin Glu Met He Ser Ser Gly Val Tyr Pro Xaa Xaa He Tbr He 

645 650 655 

Arg Xaa Met Leu Thr Gly Leu Txp Ser Lys Glu Glu Leu Lys Arg Xaa 

660 665 670 

Val Ala Met Leu Glu Xaa Leu Glu Met Ser Xaa Xaa Xaa Xaa Xaa Xaa 
675 6S0 685 

Xaa Xaa 
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690 
<210> 28 
<211> 887 
<212> PET 
<213> Ksphaaus 
<220> 
<221> Xaa 
<222> in 
<223> Arg or Pro 
<221> Xaa 
<222> 114 
<222> JU or Val 
<221> Xaa 
<222> 140 
<223> Uu or ..lie 
<22I> Im 
<222> 150 
<223> Val or Ala 
<221> Xaa 
<222> 153 
<223> Thr or Asn 
<221> Xaa 
<222> 161 
<223> Val or Leu 
<221> Xaa 
<222> 162 
<223> Glu or Asp 



67/79 



WO 02/088179 



PCT/JP02/04092 



<22I> Xaa 

<222> 163 

<223> Asp or Lys 

<221> Xaa 

<222> 170 

<223> Asn or Asp 

<322> 171 

<223> Leu or Phe 

<221> Xaa 

<222> 184 

<223> Vsl or He 

<221> Xss 

<222> 185 

<223> Val or lie 

<221> Xaa 

<222> 196 

<223> Arg of Tyr 

<221> Xaa 

<222> 200 

<223> He or Val 

<221> Xas 

<222> 211 

<223> Met or Leu 

<221> Xaa 

<223> Thr or Asp 
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<221> Xaa 

<222> 232 

<223> Lys or Mat 

<221> Xaa 

<222> 248 

<223> Val or Leu 

<22D Xaa 

<222> 252 

<223> lie or Lys 

<400> 38 

Met Lmi Ala Arg Val Cys Gly Phe Lys Cys Ser Ser Ser Pro Ala Glu 

I 5 10 IS 

Ser Ala Ala Arg Leu Phe Cye Thr Arg Ser lis Arg Asp Thr Leu Ala 

20 25 30 

Lys Ala Ser Gly Glu Ser Cys Glu Ala Gly Phe Gly Gly Glu Ser Leu 

35 40 45 

Lys Leu Gin Ser Gly Phe His Glu lie Lys Gly Leu Glu Asp Ala lie 

50 55 60 

Asp Ley Phe Ser Asp Met Leu Arg Ser Arg Pro Leu Pro Ser Val Val 
65 70 75 SO 

Asp Phe Gys Lys Leu Met Gly Val Val Val Arg Met Glu Arg Pro Asp 

85 90 95 

Leu Val lie Ser Leu Tyr Gin Lys Met Glu Arg Lys Gin He Xas Cys 

100 105 HO 

Asp Xaa Tyr Ser Phe Asn. lie Leu He Lys Cys Phe Cys Ser Cys Ser 

US 120 12S 

Lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys Xaa Thr Lys Leu Gly 
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130 



135 



140 



Leu Ms Pro Asp Val Xaa Thr Phe Xaa Thr Leo Leu His Gly Leu Cys 
145 ISO 155 160 

Xaa Xaa Xaa Arg Val Ser Glu Ala Leu Xaa Xaa P"< < H-s Gin VT, i P 

185 170 175 

Giu Thr Thr Cys Arg Pro Asn. Xaa Xaa Thr Phe Thr Thr Leu Met Mm 

180 186 190 

Gly Leu Cys Xaa Giu Gly Arg Xaa Vai Glu Ala Val Ala Leu Leu Asp 

195 200 205 

Arg Met Xaa Giu Asp Gly Leu Gin Pro Xaa Glt» lie Thr Tyr Gly Thr 

210 215 220 

lie Yal Asp Gly Met Cys Lys Xaa Gly Asp Thr Val Ser Ala Leu Asm 
225 230 235 240 

Leu Leu Arg Lys Met Glu Giu Xaa Ser His lie Xaa Pro Asa Val Val 

245 250 255 

lie Tyr Ser Ala He lie Asp Ser Leu Cys Lys Asp Gly Arg His Ser 

280 268 270 

Asp Ala Gin Asa Uu Fh« Thr Glu Met Gin Giu Lys Gly lie Phe Pro 

276 280 285 

Asp Leu Phe Thr Tyr Asn Ser Met lie Val Gly Phe Cys Ser Ser Gly 

290 295 300 

Arg Irp Ser Asp Ala Glu Gin Leu Leu Gin Glu Met Leu Glu Arg Lys 
305 310 315 320 

He Ser Pro Asp Val Val Thr Tyr hsn Ala Leu lis Asa Ala Phe Val 

326 330 335 

Lys Glu Gly Lys Phe Phe Glu Ala Glu Glu Leu Tyr Asp Glu Met Leu 



340 



345 



350 
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Pro Arg Gly He He Pro Asa Thr He Thr Tyr Ser Sex Met He Asp 

355 380 365 

Gly Hie Cys Lys Gin htm Arg Leu Asp Ala Ala Glu His Met Phe Tyr 

370 3T5 380 

Leu Met Ala Thr Lys Gly Cys Ser Pro hsu leu He Thr Phe Asn Thr 

385 390 395 400 

Leu He Asp Gly Tyr Cys Gly Ms Lys Arg lie Asp Asp Gly Met Glut 

405 410 415 

hm Leu His Glu Met Thr Glu Thr Gly Leu Val Ala Asp Thr Thr Thr 

420 425 430 

Tyr Asn Thr Leu He His Gly Phe Tyr Im Val Gly Asp Leu Asa Ala 

435 440 446 

Ala Leu Asp Leu Leu Gin Glu Met He Ser Ser Gly Leu Cys Pro Asp 

450 455 460 

He Val Thr Cys Asp Thr Leu Leu Asp Gly Leu Cys Asp Asn Gly Lys 

465 470 475 480 

Leu Lys Asp Ala Leu Glu Met Phe Lys Val Met Gin Lys Ser Lys Lys 

435 490 495 . 

Asp Leu Asp Ala Ser His Pro Phe Asa Gly Val Glu Pro Asp Val Gk 

500 50b 510 

Thr Tyr Asn He Ley He Ser Gly Leu lie Asn Glu Gly Lys Phe Leu 

515 520 525 

Glu Ala Glu Glu Leu Tyr Glu Glu Met Pro His Arg Gly lie Val Pro 

530 535 540 

Asp Thr lie Thr Tyr Ser Ser Met lie Asp Gly Leu Cys Lys Gin Ser 

545 . 550 55S 560 

Arg Leu Asp Glu Ala Thr Gin Met Phe Asp Ser let Gly Ser Lys Ser 
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565 570 575 

Phe Ser Pro Asa Val Val Thr Phe Thr Thr Leu lie Asn Gly Tyr Cys 

580 58S 590 

Lys Ala Gly Arg Vsl Asp Asp Gly Leu Glu Leu Phe Cys Glu Met Gly 

595 600 606 

Arg Arg 01 y lie Val Ala Asn Ala lie Thr Tyr lie Thr Leu lie Cys 

610 615 620 

Gly Phe Arg Lys Val Gly Asa lis Asn Gly Ala Leu Asp He Phe Gin 
625 630 635 MO 

Glu Met He Ser Ser Gly Val Tyr Pro Asp Thr Ue Thr He Arg Asn 

645 650 655 

Met Leu Thr Gly hm Trp Ser Lys Glu Glu Leu Lys Arg Ala Val Ala 

660 665 670 

Met Leu Glu Lys Leu Gin Met Ser Met Asp Im Ssr Phe Gly Gly 

675 680 685 

<210> 29 
<2H> 687 
<212> PR: 
<2i3> Raphaniis 
<220> 
<22D Xaa 
<222> 140 
<223> Lett or lie 
<221> Im 
<222> 170 
<223> Asn or Asp 
<222> Xaa 
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<223> Leu or Phe 
<400> 20 

Met Leu Ala Arg Val Cys Gly Phe Lys Cys Ser Ser Ser Pro Ala Glu 

15 10 15 

Ser Ala Ala Arg Ley Phs Cys Thr Arg Ser He Arg Asp Thr Leu Ala 

20 25 30 

Lys Ala Ser Gly Glu Ser Cys Glu Ala Gly Phe Gly Gly Glu Ser Leu 

35 40 45 

Lys Leu Gin Ser Gly Phe His Glu He Lys Gly Leu Glu Asp Ala lie 

SO 55 60 

As?> Leu Phe Ser Asp Met Leu Arg Ser Arg Fro Leu Pro Ser Val Val 
65 70 75 80 

Asp Pfee Cys Lys Leu Met Gly Val Val Val Arg Met Glu Arg Fro Asp 

85 90 95 

Lsu Val lie Ser Lsu Tyr Gin. Lys Met Glu Arg Lys Gin He Arg Cys 

100 105 110 

Asp lie Tyr Ser Phe Asn lie leu He Lys Cys Fh& Cys Ser Cys Ser 

1.15 120 125 

Lys Leu Pro Phe Ala Leu Ser Thr Phe Gly Lys Xsa Thr Lys Leu Gly 

130 135 140 

Leu His Pro Asp Val Val Thr Phe Tkr Thr Leu Leu His Gly Lsu Cys 
145 150 155 160 

Val Glu Asp Arg Val Ser Glu Ma Leu Xaa Xaa Phe His Gin Met Phe 

165 170 175 

Glu Thr Thr Cys Arg Pro Asn Val Val Thr Phe Thr Thr Leu Met Asn 
ISO 185 190 
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Gly Leu Cys Arg Glu Gly Arg He Yal Glu Ala Vai Ala Leu Lsu Asp 

195 200 m 

Arg Met Met Glu Asp Gly Leu Gin Pro Thr Gin He Thr Tyr Gly Thr 

210 .215 220 

He Vai Asp Gly Met Cys Lys Lys Gly Asp Thr Vai Ser Ala Leu Asn 
225 230 235 240 

Leu Lcj Art? Lys Mc GJu <nu Lil St r :'h> r - H? Pro Asn Vai Va3 

245 250 265 

Ha Tyr Ssr Ala lie lie Asp Ser Leu Cys Lys Asp Gly Arg His Ser 

260 265 270 

Asp Ala Gin Asn Leu Phe Thr Glu Met Gin Glu Lys Gly lie Phe Pro 

275 280 285 

Asp Leu Phe Thr Tyr Asn Ser Met He Yal Gly Phe Cys Ser Ser Gly 

290 295 300 

Arg Trp Ser Asp Ala Glu Gin Leu Leu Gin Glu Met Leu Glu Arg Lys 
305 310 316 320 

He Ser Pro Asp Yal Yal Thr Tyr Asn Ala L©u lis Asn Ala Phe Vai 

325 330 335 

Lys Glu. Gly lys Phe Phe Glu Ala Glu Glu Leu Tyr Asp Glu Met Leu 

340 345 350 

Pro Arg Gly He lis Pro Asn Thr lie Thr lyr Ser Ser Met He \sp 

355 360 365 

Gly Phe Cys Lys Gin Asn Arg Leu Asp Ala Ala Glu His Met Phe Tyr 

370 375 - 380 

Leu Met Ala Thr Lys Gly Cys Ser Pro Asn Leu He Thr Phe Asn Thr 
385 390 395 400 

Leu He Asp Gly Tyr Cys Gly Ala Lys Arg lie Asp Asp Gly Met Glu 
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405 410 4.15 

Leu Leu His Glu Met Tbr Glu Xhr Gly Leu Yal Ala Asp Thr Thr Thr 

420 426 430 

Tyr Asn. Thr Leu lie His Qly Pita Tyr Leu Val Giy Asp Leu Asa Ala 

435 440 445 

Ala Leu isp Leu Le Gla G u Mel I e Ser Ser Giy Lei Cys Pr< Asp 

450 455 460 

lie Val Thr Cys Asp Thr Leu Leu Asp Giy Leu Cys Asp Asn Gly Lys 
465 470 47b 480 

Leu Lys Asp Ala Leu Glu Met Phe Lys Val Met Gin Lys Ser Lys Lys 

485 490 495 

Asp Leu Asp Ala Ser His Pro Phe Asn Gly Val Glu Pro Asp Val Gin 

800 505 5.10 

Thr Tyr Asn lie Leu lie Ser Gly Leu lie Asn Glu Gly Lys Hie Leu 

515 520 525 

Glu Ala Glu Glu Leu Tyr Glu Glu Met Pro His Arg Gly lie Vsl Pro 

530 535 540 

Asp Tbr lie Thr Tyr Set Se* Met Il« Asp Gly Leu Cys Lys Gin Ser 
545 550 555 560 

Arg Leu Asp Glu Ala Thr Gin Met Phe Asp Ser Met Gly Sex Lys Ser 

565 570 575 

Phe Ser Pro Asn Val Val Thr Hie T&r thr Lea lie Asn Gly Tyr Cys 

580 585 590 

Lys Ala Gly Arg Val Asp Asp Gly Leu Glu Leu Phe Cys Glu Met Gly 

595 600 605 

Arg Arg Gly Lie Val Ala Asn Ala lis Thr Tyr lie Thr Leu lie Cys 
610 615 620 
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Gly Phe Arg Ljs V&l Gly Asn IH Abu Gly Ala Leu Asp He Phe Gin 
625 630 G35 640 

GIu Met II© Ser Ser Gly ¥al Tyr Pro Asp Thr He Thr He Arg Asn 

645 650 655 

Met Leu Thr Gly Leu Trp Ser Lys GIu Glu Leu Lys Arg Ala Val Ala 

660 665 870 

Met Leu Glu. Lys Lea Gin Met Ser Met Asp Leu Ser Phe Gly Gly 
■676 680 885 

<210> 30 
<21I> 33 
<212> MA 

<2iS> Artificial Sequence 
<220> 

<223> Description, of Artificial Sequence: Synthetic BNA 
<400> 30 

at ma< ea< tags etc fctg&catgga gge 33 
<210> 31 
<211> 2S 
<2V2> BNA 

<213> Artificial Sequence 
<220> 

j:2LS Dosri ni m nf '\ i .rl Sequence Synthetic DNA 
<400> 31 

aagagg&gga gafcgg tc acsge 25 
<210> 32 
<211> 26 
<212> DNA 
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<2I3> Artificial Sequence 
<220> 

<4O0> 32 

tggagtaaag aggaaotaaa aagggc 26 
<210> 33 
<211> 23 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DM 
<400> 33 

cagaeaatag acgeataaaa gge 23 
<210> 34 
<21i> 23 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 

<m> 34. 

gattcctttc tcttgcattt cag 23 
<210> 35 
<21i> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 35 

atotcgtcct ttacottctg tgg 23 
<2I0> 36 
<211> 20 
<212> DMA 

21. i \i - f 1 < j il k iruuefi t 
<220> 

- !3 D< ip n a of Ar1 lei »] jt an« j 5ynthe1 ic )NA 
<400> 36 

gatccatgea tttgtcaagg 20- 
<210> 37 
<2U> 22 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequesncei Synthetic DM 
<400> 37 

< i^tt^tct e u at eta gg 22 
<210> 38 
<21.1> 23 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 38 

gteeggagag cagcccttgg tag 23 
<210> 39 
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<21l> 23 
<2I2> DM 

<213> Artificial Sequence 

<220> 

<2.23> Description of Artificial Sequence 
<4.00> 39 

tcatcgtata attcttcagc etc 
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